JP-A-2001 -28354 



1/33 



(51)lnt.CI. 



(1 1 publication number : 2001-028354 
(43)Date of publication of application : 30.01.2001 

H01L 21/304 
H01L 21/762 
H01L 27/12 
H01L 29/786 



(21) Application number : 11-273935 

(22) Date of filing: 28.09.1999 



(71) Applicant : SONY CORP 

(72) Inventor : OKUBO YASUNORI 

NAKAMURA MOTOAK1 



(30)Priority 

Priority number : 11131869 



Priority date : 12.05.1999 Priority country : JP 



(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
easily manufacturing of an SOIL-type semiconductor 
device, having a back gate electrode based on a 
substrate laminating method at a reduced cost. 
SOLUTION: In this method of manufacturing a 
semiconductor device, projected and recessed portions 
1 1 , 1 2 are formed on the surface of a substrate 1 0. After 
an insulating layer 1 3 is formed on these, an aperture 1 4 
for forming a back gate electrode is formed in the 
prescribed region of the insulating layer 13 on the 
projected portion 12. Subsequently, after a conductive 
material layer 1 6 is formed over the whole surface 
including the aperture 14, a back gate electrode 17 is 
formed in the aperture 14 by polishing the conductive 
material layer 16. Then, an interlayer film 18 is formed on 
the whole surface. The substrate 1 0 and a support board 
are laminated via the interlayer film 18. The substrate 10 
is polished from the rear surface of the substrate 10, so 
that the insulating layer 13 at the bottom of the 
recessed portion 1 1 formed in the surface of the substrate is exposed. 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]By grinding a process of forming a conductive material layer all over being 
characterized by comprising the following, and a conductive material layer of the (E) insulating- 
layer upper part, So that an insulating layer of a crevice pars basilaris ossis occipitalis formed in 
a process of forming a back gate electrode in an opening, a process of forming the (F) interlayer 
film in the whole surface, a process of pasting a substrate and a supporting board together via 
the (G) interlayer film, and the surface of the (H) board may be exposed, A manufacturing 
method of a semiconductor device having the process of grinding a substrate evenly from a rear 
face of a substrate. 

(A) A process of forming an uneven part on the surface of a substrate. 

(B) A process of forming an insulating layer on the surface in which an uneven part of a 
substrate was formed. 

(C) A process of forming an opening for backgate electrode formation which has the 
predetermined depth in a predetermined field of an insulating layer on heights formed in a 
substrate. 

(D) Inside of an opening. 

[Claim 2]Between said processes (F) (G), stratum disjunctum including a process to form in a 
position of the predetermined depth of a substrate said process (H), A manufacturing method of 
the semiconductor device according to claim 1 comprising a process of grinding a substrate 
evenly from a rear face of a substrate after exfoliation so that an insulating layer of a crevice 
pars basilaris ossis occipitalis formed in the surface of a substrate may expose, after exfoliating 
a portion of a substrate by the side of a rear face from stratum disjunctum. 
[Claim 3]A manufacturing method of the semiconductor device according to claim 2, wherein a 
process of forming stratum disjunctum in a position of the predetermined depth of said substrate 
comprises a process of carrying out the ion implantation of the hydrogen ion to the 
predetermined depth of a substrate. 

[Claim 4]A manufacturing method of the semiconductor device according to claim 1 or 2, wherein 
a substrate and a supporting board are silicon semiconductor substrates. 

[Claim 5] A manufacturing method of the semiconductor device according to claim 1 or 2, wherein 
said process (C) comprises a process of forming an opening for backgate electrode formation in 
a predetermined field of an insulating layer on heights formed in a substrate so that an insulating 
layer which has predetermined thickness on a substrate may be left behind. 
[Claim 6]A manufacturing method of the semiconductor device according to claim 5, wherein an 
insulating layer has polishing selectivity to a conductive material layer. 

[Claim 7]A manufacturing method of the semiconductor device according to claim 5, wherein said 
process (E) comprises a process of grinding and carrying out flattening of the conductive 
material layer, by making an insulating layer into a polishing stopper. 
[Claim 8]A manufacturing method of the semiconductor device according to claim 1 or 2 
characterized by including a process of forming the 2nd insulating layer in the bottom of an 
opening at least between said processes (C) (D). 

[Claim 9]Said process (C) comprises a process of forming an opening for backgate electrode 
formation which reaches a substrate in a predetermined field of an insulating layer on heights 
formed in a substrate, and between said processes (C) (D), A manufacturing method of the 
semiconductor device according to claim 8 forming the 2nd insulating layer that changes from 
silicon oxide to the bottom of an opening by a thermal oxidation method. 

[Claim 1 0]A manufacturing method of the semiconductor device according to claim 9, wherein an 
insulating layer has polishing selectivity to a conductive material layer. 

[Claim 11]A manufacturing method of the semiconductor device according to claim 9, wherein 
said process (E) comprises a process of grinding and carrying out flattening of the conductive 
material layer, by making an insulating layer into a polishing stopper. 
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[Claim 12]Said process (C) comprises a process of forming an opening for backgate electrode 
formation which reaches a substrate in a predetermined field of an insulating layer on heights 
formed in a substrate, and between said processes (C) (D), A manufacturing method of the 
semiconductor device according to claim 8 forming the 2nd insulating layer that comprises 
silicon oxide by chemical vapor deposition on an insulating layer including inside of an opening. 
[Claim 13]A manufacturing method of the semiconductor device according to claim 12, wherein 
the 2nd insulating layer has polishing selectivity to a conductive material layer. 
[Claim 14]A manufacturing method of the semiconductor device according to claim 12, wherein 
said process (E) comprises a process of grinding and carrying out flattening of the conductive 
material layer, by making the 2nd insulating layer into a polishing stopper. 
[Claim 1 5] A manufacturing method of the semiconductor device according to claim 1 or 2, 
wherein an insulating layer has polishing selectivity to a substrate. 

[Claim 1 6]A manufacturing method of the semiconductor device according to claim 1 or 2, 
wherein an insulating layer is silicon oxide. 

[Claim 17]A manufacturing method of the semiconductor device according to claim 1 or 2, 
wherein material which constitutes a conductive material layer is conductive polysilicon. 
[Claim 18]A manufacturing method of the semiconductor device according to claim 17 oxidizing 
thermally a conductive material layer which comprises conductive polysilicon which remained in 
the insulating-layer upper part in said process (E) after grinding a conductive material layer of 
the insulating-layer upper part. 

[Claim 19]A polishing process from which said process (H) removes a process of carrying out 
specified quantity grinding of the substrate from a rear face of a substrate, and grinding marks 
and a grinding damage of a grinding side of a substrate, A manufacturing method of the 
semiconductor device according to claim 1 or 2 changing from a process of performing PACE 
processing by a plasma etching technique, and a process of carrying out selection polish of the 
PACE processed surface of a substrate to a polished surface of a substrate. 
[Claim 20]a process characterized by comprising the following of forming a conductive material 
layer on the 2nd insulating layer, and (F) — by grinding a conductive material layer on the 2nd 
insulating layer, A process of forming a back gate electrode in an opening, and a process of 
forming the (G) interlayer film in the whole surface, (H) A manufacturing method of a 
semiconductor device characterized by having a process of pasting a substrate and a supporting 
board together, and the process of grinding a substrate evenly from a rear face of a substrate so 
that the 1st insulating layer of a crevice pars basilaris ossis occipitalis formed in the surface of a 
(I) board may be exposed via an interlayer film. 

(A) A process of forming an uneven part on the surface of a substrate. 

(B) A process of forming the 1st insulating layer on the surface in which an uneven part of a 
substrate was formed. 

(C) A process of forming the 2nd insulating layer on the 1st insulating layer. 

(D) A process of forming an opening for backgate electrode formation which reaches the 1st 
insulating layer in a predetermined field of the 2nd insulating layer on heights formed in a 
substrate, and inside of the (E) opening. 

[Claim 21]Between said processes (G) (H), stratum disjunctum including a process to form in a 
position of the predetermined depth of a substrate said process (I), A manufacturing method of 
the semiconductor device according to claim 20 comprising a process of grinding a substrate 
evenly from a rear face of a substrate after exfoliation so that the 1st insulating layer of a 
crevice pars basilaris ossis occipitalis formed in the surface of a substrate may expose, after 
exfoliating a portion of a substrate by the side of a rear face from stratum disjunctum. 
[Claim 22]A manufacturing method of the semiconductor device according to claim 21 , wherein a 
process of forming stratum disjunctum in a position of the predetermined depth of said substrate 
comprises a process of carrying out the ion implantation of the hydrogen ion to the 
predetermined depth of a substrate. 

[Claim 23]A manufacturing method of the semiconductor device according to claim 20 or 21, 
wherein a substrate and a supporting board are silicon semiconductor substrates. 



[Claim 24]A manufacturing method of the semiconductor device according to claim 20 or 21, 
wherein said process (D) comprises a process of etching selectively a predetermined field of the 
2nd insulating layer on heights formed in a substrate. 

[Claim 25]A manufacturing method of the semiconductor device according to claim 20 or 21, 

wherein said process (F) comprises a process of grinding and carrying out flattening of the 

conductive material layer, by making the 2nd insulating layer into a polishing stopper. 

[Claim 26]A manufacturing method of the semiconductor device according to claim 20 or 21, 

wherein the 2nd insulating layer has polishing selectivity to a conductive material layer. 

[Claim 27]A manufacturing method of the semiconductor device according to claim 20 or 21, 

wherein the 1st insulating layer has polishing selectivity to a substrate. 

[Claim 28]A manufacturing method of the semiconductor device according to claim 20 or 21, 

wherein the 1 st insulating layer has etch selectivity to the 2nd insulating layer. 

[Claim 29]A manufacturing method of the semiconductor device according to claim 20 or 21, 

wherein material which constitutes the 1 st insulating layer is silicon oxide. 

[Claim 30]A manufacturing method of the semiconductor device according to claim 20 or 21, 

wherein material which constitutes the 2nd insulating layer is silicon nitride. 

[Claim 31 ]A manufacturing method of the semiconductor device according to claim 20 or 21, 

wherein material which constitutes a conductive material layer is conductive polysilicon. 

[Claim 32]A manufacturing method of the semiconductor device according to claim 31 

characterized by oxidizing thermally a conductive material layer which comprises conductive 

polysilicon which remained on the 2nd insulating layer after grinding a conductive material layer 

on the 2nd insulating layer in said process (F). 

[Claim 33]A process to which said process (I) carries out specified quantity grinding of the 
substrate from a rear face of a substrate, and grinding marks of a grinding side of a substrate 
and a polishing process which removes a grinding damage, A manufacturing method of the 
semiconductor device according to claim 20 or 21 changing from a process of performing PACE 
processing by a plasma etching technique, and a process of carrying out selection polish of the 
PACE processed surface of a substrate to a polished surface of a substrate. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention about the manufacturing method of the SOI 
(Semiconductor On Insulator) type semiconductor device which has what is called a back gate 
electrode, After forming a back gate electrode especially, it is related with the manufacturing 
method of the semiconductor device which has the feature in the process of forming the 
substrate (it is hereafter called a "SOI substrate") which embeds by a substrate lamination 
method and has an insulating layer. 
[0002] 
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[Description of the Prior Art]In forming an integrated circuit, the method of making an integrated 
circuit to the semiconductor substrate of bulk state and the method of forming various elements 
(device) in the thin semiconductor layer (it is called a SOI layer) provided on the insulating layer 
are known. In the latter method, the SOI substrate by which the SOI layer was provided on 
insulating layers, such as an oxide film, is used. By using a SOI substrate, separation between 
elements is made very easy and high integration of an integrated circuit, low power consumption, 
improvement in the speed, high-withstand-pressure-izing, the formation of a highly efficient 
element, radiation-proof-ization, etc. are expected. 

[0003]Although the art of manufacturing a SOI substrate is known variously, it is put in practical 
use or there is a substrate lamination method as art near utilization. After a substrate lamination 
method's providing a level difference in the element formation region of the substrate which 
comprises a silicon semiconductor substrate, for example and forming an oxide film, After 
embedding a level difference, carrying out flattening of the interlayer film and pasting a substrate 
and a supporting board together by forming the interlayer film for flattening, such as a polysilicon 
film or a silicon oxide film, it is the method of manufacturing a SOI substrate, by grinding a 
substrate from the rear face of a substrate. 

[0004] When the thickness of that a substrate lamination method does not have restriction in a 
wafer caliber, and the SOI substrate of a large caliber can be obtained, that the tolerance level 
of the thickness of each film of a SOI substrate is wide, and a SOI layer is thin, In an MOS 
structure, it is possible to lose the pn junction in the pars basilaris ossis occipitalis of the source 
region or a drain area, a junction capacitance decreases, and a high speed and a low-electric- 
power device can be realized, And since the element which has a much more complicated 
structure from the aforementioned reason etc. is producible, it is the art of attracting attention. 
So, research and development of the SOI substrate production technology based on a substrate 
lamination method are done energetically. 

[0005]Conventionally, the following methods are known as a method of manufacturing the SOI 
substrate by a substrate lamination method, for example. 

[0006]In JP.2-1 77433.A, as shown in drawing 15 and drawing 16 , (A) (Refer to the (A) for drawing 
15) with the process of forming the pad oxide film 101 and the silicon nitride film 102 which 
comprise silicon oxide on the semiconductor substrate 10, (B) By etching selectively the silicon 
nitride film 102, the pad oxide film 101, and the semiconductor substrate 10, A selective 
oxidation method (LOCOS process) is used for the process of forming uneven shape, and the 
principal surface which has ((B) reference of drawing 15 ), and a level difference of the (C) 
semiconductor substrate 1 0, (Refer to the (C) for drawing 1 5) with the process of forming the 
insulator layer 103 in which the field corresponding to a level difference crevice and level 
difference heights is almost the same, (D) (Refer to the (D) for drawing 15) with the process of 
forming the silicon oxide film 104 and the film 105 for flattening which comprises polysilicon, 
silicon oxide, etc. on the silicon oxide film 104 on the insulator layer 103, (E) From the process of 
carrying out flattening polish of the film 105 for flattening, and the silicon oxide film 104, the 
process of pasting the supporting board 1 06 together to ((A) reference of drawing 1 6 ), and the 
(F) flat face, and ((B) reference of drawing 1 6 ) and the rear face of the (G) semiconductor 
substrate 10, grind until the insulator layer 103 exposes the semiconductor substrate 10, The 
process (refer to (C) of drawing 1 6) of forming the semiconductor layer (SOI layer) 10A of the 
island shape separated with the insulator layer 103, and the manufacturing method of 
sifiioic*************** are indicated. The manufacturing method of the semiconductor substrate 
indicated by JP,2~177433,A is called conventional method-A for convenience. 
[0007]In the method indicated by JP.2-1 77433A by adopting the process of forming and 
carrying out flat polish of the film for flattening, a good lamination side is acquired and it is 
supposed that a reliable SOI substrate can be manufactured. 

[0008]The silicon oxide film which has a level difference on one side of a substrate is formed in 
JP,8-153780,A, It grinds with a steel object surface plate using the abrasive soap which uses as 
the main ingredients the colloidal silica which has predetermined particle diameter for this silicon 
oxide film, and the method of obtaining a SOI substrate is indicated by piling up the ground field 
with the mirror plane of a supporting board, and pasting it together. According to this method, 



formation of the polysilicon film conventionally used for manufacture is supposed that it is 
unnecessary and a SOI substrate can be obtained by the process simplified further.The SOI 
layer in a SOI substrate is embedded into the insulator layer, therefore element formation is 
possible for it on thickness direction both sides of a SOI layer. Therefore, it is easy to 
configurate a semiconductor device in a three dimension, and examination of the high integration 
of LSI using a SOI substrate is also made. The manufacturing method of the semiconductor 
substrate indicated by JP,8-153780,A is called conventional method-B for convenience. 
[0009]For example, it is called "XMOS", arrange the usual gate electrode in which a signal is 
impressed above a semiconductor layer, and a MOS transistor is constituted in recent years, 
The gate electrode of a semiconductor layer which controls the pinch-off characteristic and 
threshold voltage of a MOS transistor caudad. . The transistor which has arranged via an 
insulator layer (this gate electrode is hereafter called "back gate electrode") is proposed. (For 
example, references, such as Japanese Journal of Applied Physics., 29 (4), and L521-523 
(1990).). The conventional manufacturing method of the SOI type semiconductor device which 
has this back gate electrode is explained with reference to drawing 1 7 and drawing 18 . 
[0010]First, an uneven part is formed by trenching (the dry etching method) etc. on the 
semiconductor substrate 10. subsequently, the silicon oxide film 201 with a thickness [ used as 
an insulator layer ] of 0.1 micrometer — for example, a thermal oxidation method or chemical 
vapor deposition (a CVD method, the Chemical Vapour Deposition method) — it forms based on 
law. Then, for example, the polysilicon film 202 about 0.3 micrometer thick is made to deposit 
with a CVD method on the silicon oxide film 201, as shown in (A) of drawing 1 7 . This polysilicon 
film 202 needs to introduce and electric-conduction-ize impurities, such as Lynn, after the time 
of deposition, or deposition. 

[0011]Next, form in the whole surface the resist film which is not illustrated, and the polysilicon 
film 202 is etched using the resist pattern produced by leaving a resist film only on a backgate 
electrode formation scheduled region based on a lithography technology, The back gate 
electrode 203 is formed (refer to (B) of drawing 1 7) . 

[001 2] Subsequently, the silicone film 204 about 0.6 micrometer thick is formed with a CVD 
method as an insulator layer so that the back gate electrode 203 may be covered. In order to 
bury the level difference produced since the silicon oxide film 204 and the back gate electrode 
203 were formed, for example, the polysilicon film 205 is made to deposit on the whole surface 
with a CVD method. The structure shown in (C) of drawing 1 7 as mentioned above can be 
acquired. 

[0013]Next, as shown in (A) of drawing 18 , flattening of the surface of the polysilicon film 205 on 
which it was made to deposit is carried out by polish, and the field in which lamination is possible 
is made. A pawl is used, although the graphic display is omitted, when depositing a polysilicon film 
on the semiconductor substrate 10 within a CVD system, on a stage, a semiconductor substrate 
is laid and it fixes, but polysilicon grows up to be a portion in contact with the pawl of the both 
ends of a semiconductor substrate at protuberance form. Since it has an adverse effect on a 
next polishing process and substrate lamination process, before performing polish for flattening, 
it is necessary to remove the height of this polysilicon. 

[0014]The polishing slurry which comprises colloidal silica with a mean particle diameter of 80 
nm can perform flattening of the polysilicon film 205 surface, for example using the polishing pad 
which comprises polyurethane foam. After removing a level difference and performing flattening 
of the polysilicon film 205 surface, the state in which lamination is possible can be made to the 
polysilicon film 205 by grinding the surface of the polysilicon film 205 using the polishing slurry 
which comprises colloidal silica whose mean particle diameter is 40 nm. For example, an R g =0.4- 
nm level can be made to the surface roughness of the surface of the polysilicon film 205 by 
grinding. 

[0015]Subsequently, both boards are joined by preparing the supporting board 206 flattening of 
the pasting of the surface of was separately made possible, and pasting together one field of the 
supporting board 206, and the surface of the polysilicon film 205 of the semiconductor substrate 
which carried out flattening. There is no adhesion of particle etc. in the surface by performing 
RCA washing etc., for example, and the lamination side of both substrates is changed into the 
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state where an OH radical exists, and it is necessary to make it not become a cause of gassing 
at the time of junction in the case of lamination. 

[0016]After pasting both substrates together, a firm jointing condition can be acquired under 
oxygen gas or a nitrogen gas atmosphere by performing 1100degreeC and heat treatment for 30 
minutes - 120 minutes. The structure shown in (B) of dr awin g 1 8 as mentioned above can be 
acquired. 

[0017]Then, the substrate peripheral part in an unsealed state is cuted off the corners (a graphic 
display is omitted), The side which formed the level difference and the back gate electrode 203 
of the semiconductor substrate 1 0 among the semiconductor substrates 1 0 and the supporting 
boards 206 which were joined grinds the semiconductor substrate 10 from the field (rear face) of 
the semiconductor substrate 1 0 of an opposite hand to the thickness to which the damage at 
the time of grinding does not reach SOI layer 10A. This grinding can be performed, for example 
using an about [ grinding stone yarn count #2000 ] diamond wheel, carrying out the high velocity 
revolution of the grinding stone. 

[0018]The accuracy of peripheral wheel speed of a grinding side is good early, and the damage 
by a diamond wheel arises even into a portion with a deep substrate, and the surface roughness 
of this grinding is also coarse. So, although a transistor is formed on a grinding side, it cannot do. 
Therefore, in order to remove surface roughness (grinding marks) and a damage, it leaves about 
7 micrometers of semiconductor substrates 10 on the silicon oxide film 201, and grinding is 
stopped, it ranks second and polish of about 3 micrometers is performed. This polish (mirror 
polishing) can be performed using the polishing slurry containing a for example comparatively big 
abrasive grain (particle diameter = about 80 nm). 

[0019]When the variation in the thickness of the remainder of the semiconductor substrate 10 is 
large (there is thickness variation which is about **1 .5 micrometers) and the polished surface 
after mirror polishing performs selection polish directly, there is fear, such as generating of a 
DESSHINGU phenomenon and disappearance of a SOI layer. Therefore, it is desirable to equalize 
the thickness of the remainder of the semiconductor substrate 1 0 and to perform PACE (Plasma 
Assisted Chemical Etching) processing by a plasma etching technique for the purpose of 
obtaining SOI layer 10A of uniform thickness. PACE processing is P. B. Mumola et el., 2nd Inter. 
Symp. on Semiconductor Wafer Bonding Science, Technology and Application (The , for example. 
It can carry out in accordance with the method taught to Electrochemical Society, Pennungton, 
NJ, 1994., etc. 

[0020]Then, selection polish is performed in order to obtain removal of the plasma damage of a 
PACE processed surface, and uniform thin SOI layer 10A. What is necessary is for selection 
polish to use grinding liquid, such as large ethylenediamine of the grinding rate ratio of silicon and 
silicon oxide, and just to perform it on the conditions which advance of polish stops, for example 
using the polishing pad of polyurethane foam, when polish progresses on the heights of the 
silicon oxide film 201. 

[0021] As shown in (C) of drawing 18 as mentioned above, 50**5-nm-thick uniform SOI layer 10A 
can be formed on the silicon oxide film 201. The method explained above is called conventional 
method-C for convenience. 
[0022] 

[Problem(s) to be Solved by the Invention] However, there are the following problems in the 
above-mentioned conventional method. That is, it is necessary to form the film for flattening on 
an insulator layer, and the polysilicon film and the silicon oxide film are used as this film for 
flattening in conventional method-A. Generally, the rugged step provided in a semiconductor 
substrate is about 120 nm, and in forming a film in order to carry out flattening of this level 
difference, a film about 5 micrometers thick is needed. However, in order to form the thick 
polysilicon film to apply, great film production time and a lot of silane system gas are needed. 
When forming a thick polysilicon film, for example with a CVD method, in a CVD system, a lot of 
polysilicon adheres and the problem of falling remarkably also has working efficiency. 
[0023]When carrying out flattening of the polysilicon film, in the heights of the level difference 
provided in the semiconductor substrate, a polysilicon film becomes thin, and a polysilicon film 
becomes thick in a crevice. Therefore, the grain sizes of polysilicon in the flattening polished 



surface used as a lamination side differ, and the fall of the yield in a lamination process is 
brought about. 

[0024]When making a polysilicon film about 5 micrometers thick deposit, the polysilicon 
deposited on the surroundings of the pawl provided in the stage of the CVD system supporting a 
semiconductor substrate remains in protuberance form at the rear face of a semiconductor 
substrate. Since polysilicon of this protuberance form has an adverse effect on a next process, 
the process of removing this is needed. 

[0025]Conventional method - In B and conventional method-C, since a thick silicon oxide film is 
formed without forming the polysilicon film on the silicon oxide film currently conventionally 
formed in junction, etc., the film production process of a polysilicon film can be skipped. 
However, even if it is in these methods, like the case of conventional method-A, It must form 
thickly to such an extent that flattening of the silicon oxide film can be carried out and the 
remaining silicon oxide films can be used as an insulating layer, and great film production time 
and a lot of material gas are required, and the advantageous method cannot say practical. 
[0026]When manufacturing a SOI type semiconductor device by a substrate lamination method 
after forming a back gate electrode, since the level difference is larger, only the part in which the 
back gate electrode was formed becomes especially remarkable [ these problems ]. So, the 
development of the practical manufacturing method simplified one layer based on the substrate 
lamination method of the SOI type semiconductor device which has a back gate electrode is 
called for. 

[0027]Therefore, the purpose of this invention is a manufacturing method of the semiconductor 
device which has the feature in the process of manufacturing the semiconductor device which 
has a back gate electrode what is called by a substrate lamination method, It is in providing 
simplicity and the method of manufacturing a semiconductor device with the manufacturing cost 
by which cheap was carried out more, without forming the polysilicon film conventionally formed 
as an object for flattening. 
[0028] 

[Means for Solving the ProblemjA manufacturing method of a semiconductor device concerning 
the 1 st mode of this invention for attaining the above-mentioned purpose, (A) A process of 
forming an uneven part on the surface of a substrate, and a process of forming an insulating 
layer on the surface in which an uneven part of the (B) board was formed, (C) A process of 
forming an opening for backgate electrode formation which has the predetermined depth in a 
predetermined field of an insulating layer on heights formed in a substrate, (D) By grinding a 
process of forming a conductive material layer all over including inside of an opening, and a 
conductive material layer of the (E) insulating-layer upper part. So that an insulating layer of a 
crevice pars basilaris ossis occipitalis formed in a process of forming a back gate electrode in an 
opening, a process of forming the (F) interlayer film in the whole surface, a process of pasting a 
substrate and a supporting board together via the (G) interlayer film, and the surface of the (H) 
board may be exposed, It has the process of grinding a substrate evenly from a rear face of a 
substrate. A "insulating layer" in a manufacturing method of a semiconductor device concerning 
the 1 st mode of this invention and the 2nd mode described below is hereafter called "the 1 st 
insulating layer" for convenience. 

[0029]In a manufacturing method of a semiconductor device concerning the 1st mode of this 
invention, Between said processes (F) (G), stratum disjunctum including a process to form in a 
position of the predetermined depth of a substrate said process (H), It can be considered as a 
gestalt which comprises a process of grinding a substrate evenly from a rear face of a substrate 
after exfoliation, and what is called a Smart Katt method so that the 1st insulating layer of a 
crevice pars basilaris ossis occipitalis formed in the surface of a substrate may expose, after 
exfoliating a portion of a substrate by the side of a rear face from stratum disjunctum. Such 
composition is called for convenience a manufacturing method of a semiconductor device 
concerning the 2nd mode of this invention. 

[0030]A manufacturing method of a semiconductor device concerning the 3rd mode of this 
invention for attaining the above-mentioned purpose, (A) A process of forming an uneven part on 
the surface of a substrate, and a process of forming the 1st insulating layer on the surface in 
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which an uneven part of the (B) board was formed, (O A process of forming an opening for 
backgate electrode formation which reaches the 1st insulating layer in a predetermined field of 
the 2nd insulating layer on a process of forming the 2nd insulating layer on the 1st insulating 
layer, and heights formed in the (D) board, (E) a process of forming a conductive material layer 
on the 2nd insulating layer including inside of an opening, and (F) — by grinding a conductive 
material layer on the 2nd insulating layer, A process of forming a back gate electrode in an 
opening, and a process of forming the (G) interlayer film in the whole surface, (H) It has a 
process of pasting a substrate and a supporting board together, and the process of grinding a 
substrate evenly from a rear face of a substrate so that the 1 st insulating layer of a crevice pars 
basilaris ossis occipitalis formed in the surface of a (I) board may be exposed, via an interlayer 
film. 

[0031]Also in a manufacturing method of a semiconductor device concerning the 3rd mode of 
this invention, between said processes (G) (H), including a process of forming stratum disjunctum 
in a position of the predetermined depth of a substrate said process (I), It can be considered as 
a gestalt which comprises a process of grinding a substrate evenly from a rear face of a 
substrate after exfoliation, and what is called a Smart Katt method so that the 1st insulating 
layer of a crevice pars basilaris ossis occipitalis formed in the surface of a substrate may 
expose, after exfoliating a portion of a substrate by the side of a rear face from stratum 
disjunctum. Such composition is called for convenience a manufacturing method of a 
semiconductor device concerning the 4th mode of this invention. 

[0032]As for a process of forming stratum disjunctum in a position of the predetermined depth of 
a substrate, in a manufacturing method of a semiconductor device concerning the 2nd mode or 
4th mode of this invention, it is preferred to comprise a process of carrying out the ion 
implantation of the hydrogen ion to the predetermined depth of a substrate. 
[0033]In a manufacturing method of a semiconductor device concerning the 1 st mode or 2nd 
mode of this invention, Said process (C) can be made into a gestalt which comprises a process 
of forming an opening for backgate electrode formation in a predetermined field of the 1st 
insulating layer on heights formed in a substrate so that the 1st insulating layer that has 
predetermined thickness on a substrate may be left behind. The 1st insulating layer that has the 
predetermined thickness left behind on a substrate functions as gate dielectric film for back gate 
electrodes. In this case, as for the 1st insulating layer, it is preferred to have polishing selectivity 
to a conductive material layer. As for said process (E), it is preferred to comprise a process of 
grinding and carrying out flattening of the conductive material layer, by making the 1 st insulating 
layer into a polishing stopper. Here, that an "A horizon" has polishing selectivity to a "B 
horizon" means that a direction of an "A horizon" is harder to be ground than a "B horizon", 
when grinding an "A horizon" and a "B horizon." 

[0034]Or in a manufacturing method of a semiconductor device concerning the 1st mode or 2nd 
mode of this invention, it can also be considered as a gestalt including a process of forming the 
2nd insulating layer in the bottom of an opening at least between said processes (C) (D) again. In 
this case, said process (C) comprises a process of forming an opening for backgate electrode 
formation which reaches a substrate in a predetermined field of the 1st insulating layer on 
heights formed in a substrate, and between said processes (C) (D), It can be considered as a 
gestalt which forms the 2nd insulating layer that changes from silicon oxide (Si0 2 ) to the bottom 
of an opening by a thermal oxidation method. And as for the 1 st insulating layer, it is preferred to 
have polishing selectivity to a conductive material layer in this case, and, as for said process (E), 
it is preferred to comprise a process of grinding and carrying out flattening of the conductive 
material layer, by making the 1st insulating layer into a polishing stopper. Or said process (C) 
comprises a process of forming an opening for backgate electrode formation which reaches a 
substrate in a predetermined field of the 1 st insulating layer on heights formed in a substrate, 
and again between said processes (C) (D), It can be considered as a gestalt which forms the 2nd 
insulating layer that comprises silicon oxide (Si0 2 ) by chemical vapor deposition (CVD method) 
on the 1st insulating layer including inside of an opening. And as for the 2nd insulating layer, it is 
preferred to have polishing selectivity to a conductive material layer in this case, and, as for said 



process (E), it is preferred to comprise a process of grinding and carrying out flattening of the 
conductive material layer, by making the 2nd insulating layer into a polishing stopper. 
[0035]As for said process (D), in a manufacturing method of a semiconductor device applied to 
the 3rd mode or 4th mode of this invention on the other hand, it is preferred to comprise a 
process of etching selectively a predetermined field of the 2nd insulating layer on heights formed 
in a substrate. As for said process (F), it is preferred to comprise a process of grinding and 
carrying out flattening of the conductive material layer, by making the 2nd insulating layer into a 
polishing stopper. As for the 2nd insulating layer, it is preferred to have polishing selectivity to a 
conductive material layer. 

[0036]As for the 1 st insulating layer, in a manufacturing method of a semiconductor device 
concerning the 3rd mode or 4th mode of this invention, it is preferred to have etch selectivity to 
the 2nd insulating layer. That is, when the 1st insulating layer and 2nd insulating layer are etched, 
it is preferred that a direction of the 1st insulating layer is harder to be etched than the 2nd 
insulating layer. 

[0037]As for the 1st insulating layer, in this invention, it is preferred to have polishing selectivity 
to a substrate. 

[0038]In a manufacturing method (these may only be hereafter called "this invention" 
generically) of a semiconductor device concerning the 1st mode - 4th mode of this invention, As 
a substrate, melting and a substrate made to recrystallize can be illustrated for polycrystalline 
silicon on a silicon semiconductor substrate, a substrate which grew silicon and a Si-germanium 
mix crystal system epitaxially on a spinel, a substrate which grew silicon and a Si-germanium mix 
crystal system epitaxially on sapphire, and an insulator layer. As a silicon semiconductor 
substrate, a P type silicon semiconductor substrate by which an impurity of an N type silicon 
semiconductor substrate and P type with which an impurity of N type was doped was doped can 
be used. Melting, a substrate made to recrystallize, a glass substrate, and a quartz substrate can 
be illustrated for polycrystalline silicon as a supporting board on a silicon semiconductor 
substrate, a substrate which grew silicon epitaxially on a spinel, a substrate which grew silicon 
epitaxially on sapphire, and an insulator layer. 

[0039]Although it is preferred to use as silicon oxide (Si0 2 ) material which constitutes the 1st 
insulating layer in this invention, In addition, SOG (Spin On Glass), PSG (PhosphoSicicate Glass), 
BPSG (Boro-PhosphoSicicateGlas s), BSG, AsSG, PbSG, SbSG, NSG, LTO 0 [ Low Temperature 
Oxide and ] Low-temperature CVD-Si0 2 , SiN, SiON, and specific inductive capacity 3.5 or less 
low permittivity insulating material. What laminated charges of an organic high polymer material, 
such as (for example, poly aryl ether, cyclo perfluorocarbon polymer and benz-cyclo-butene), 
and polyimide, or such materials can be mentioned. In a manufacturing method of a 
semiconductor device concerning the 1st mode or 2nd mode of this invention, When forming the 
2nd insulating layer, it is preferred to use as silicon oxide (Si0 2 ) or silicon nitride (SiN) material 
which constitutes the 2nd insulating layer, but. It cannot limit to these and material illustrated 
with the same material as material which constitutes the 1st insulating layer, or material which 
can presuppose that it differs and specifically constitutes the 1 st insulating layer can be 
mentioned. In a manufacturing method of a semiconductor device concerning the 3rd mode or 
4th mode of this invention, It does not limit to this and what is necessary is for the 2nd 
insulating layer just to, consist of materials which have etch selectivity between the 1st 
insulating layer and the 2nd insulating layer in short, although it is desirable to use as silicon 
nitride (SiN) material which constitutes the 2nd insulating layer. 

[0040] Material which constitutes an interlayer film has insulation and is easy to produce a film, 
and if it is a film in which adhesion with the 1st or 2nd insulating layer that is a ground is 
excellent, there will be no restriction in particular in material. As for especially an interlayer film, 
although stretched with a supporting board therefore, it is preferred to comprise material which 
is excellent in a supporting board and adhesion. As a material which constitutes an interlayer 
film, silicon oxide (Si0 2 ), SOG, PSG, BPSG, etc. can be mentioned, for example. In addition, if it 
has the heat resistance about 900-1 300 degreeC, a charge of an organic high polymer material 
can also be used. After an interlayer film may have multilayer structure, for example, produces a 
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flat silicon oxide film by predetermined thickness with a CVD method etc., it can also be formed 
by making other insulator layers laminate further on this silicon oxide film. 
[0041]Although conductive polysilicon in which an impurity was doped, aluminum, an aluminum 
alloy, copper, a copper alloy, tungsten, and a tungsten alloy can be illustrated as a material which 
constitutes a conductive material layer, it is desirable especially that it is conductive polysilicon. 
As a method of doping an impurity to polysilicon, a method of doping an impurity with a method 
of mixing an impurity beforehand in material for forming polysilicon and ion implantation after 
forming a polysilicon layer can be mentioned. A conductive material layer can be formed with a 
CVD method, sputtering process, a vacuum deposition method, etc. according to material. 
[0042]In a manufacturing method of a semiconductor device applied to the 1st mode or 2nd 
mode of this invention when using as conductive polysilicon material which constitutes a 
conductive material layer in this invention, After grinding the 1st conductive material layer of the 
insulating-layer upper part in said process (E), On a manufacturing method of a semiconductor 
device which it is preferred to oxidize thermally a conductive material layer which comprises 
conductive polysilicon which remained in the 1 st insulating-layer upper part, and requires it for 
the 3rd mode or 4th mode of this invention, and in said process (F), After grinding a conductive 
material layer on the 2nd insulating layer, it is preferred to oxidize thermally a conductive 
material layer which comprises conductive polysilicon which remained on the 2nd insulating layer. 
By this, it becomes a silicon oxide layer and a conductive material layer which remained on the 
2nd insulating layer is removed substantially, and a conductive material layer which remained on 
the 2nd insulating layer originated in a conductive material layer which remained on the 2nd 
insulating layer, for example, can prevent generating of a short circuit. 
[0043]In a manufacturing method of a semiconductor device concerning the 1 st mode or 2nd 
mode of this invention, said process (E), Said process (F) can be made into a process of grinding 
a conductive material layer based on a chemical-and-mechanical-grinding method (the CMP 
method), in a manufacturing method of a semiconductor device concerning the 3rd mode or 4th 
mode of this invention. 

[0044]In a manufacturing method of a semiconductor device concerning the 1st mode or 2nd 
mode of this invention, said process (H), In a manufacturing method of a semiconductor device 
concerning the 3rd mode or 4th mode of this invention, said process (I), A process of carrying 
out specified quantity grinding of the substrate from a rear face of a substrate, and a polishing 
process which removes grinding marks and a grinding damage of a grinding side of a substrate, It 
is preferred to change from a process of performing PACE (Plasma Assisted Chemical Etching) 
processing by a partial plasma etching technique, and a process of carrying out selection polish 
of the PACE processed surface of a substrate to a polished surface of a substrate. 
[0045]In a manufacturing method of a semiconductor device of this invention, it has the feature 
in manufacture of a SOI layer which builds in a back gate electrode, A back gate electrode is 
formed in an opening especially provided in the 1st insulating layer, And since surface flattening 
is performed simultaneously, a flat interlayer film with comparatively thin thickness is formed on 
it and lamination of a substrate and a supporting board is performed via an interlayer film when 
forming a back gate electrode, Unlike a manufacturing method of the conventional semiconductor 
device, it is not necessary to form a thick polysilicon film and a silicon oxide film as a flattening 
layer. 
[0046] 

[Embodiment of the Invention]Hereafter, with reference to drawings, this invention is explained 
based on an embodiment of the invention (it is hereafter called an embodiment for short). A 
state when a substrate etc. are cut in principle in the vertical plane (the direction to which a 
gate electrode extends, and a right-angled vertical plane) which met the gate electrode length of 
the semiconductor device is shown in a drawing. 

[0047](Embodiment 1) The manufacturing method of the semiconductor device of Embodiment 1 
is related with the manufacturing method of the semiconductor device concerning the 1st mode 
of this invention, the SOI substrate manufactured by Embodiment 1 is typical — a sectional view 
is shown in (C) of drawing 3 in part. The interlayer film 18 which comprises the silicon oxide 
(Si0 2 ) formed on the supporting board 19 to which this SOI substrate changes from a silicon 



semiconductor substrate, It comprises the back gate electrode 1 7 formed on the interlayer film 
18, the 1st insulating layer (embedded oxide film) 13 formed on the 2nd insulating layer 15 
equivalent to the gate insulating layer for back gate electrodes, and SOI layer (active layer) 1 0A 
formed in the crevice of the 1st insulating layer 13. A desired SOI type semiconductor device 
can be manufactured by forming various semiconductor devices, such as a gate electrode, in SOI 
layer 10A. 

[0048] Although the manufacturing method of the semiconductor device of Embodiment 1 is 
explained hereafter, referring to typical drawing 1 w hich is a sectional view in part - drawing 4 , 
such as a semiconductor substrate, In Embodiment 1, the process of forming the opening for 
backgate electrode formation which reaches a substrate in the predetermined field of the 
insulating layer on the heights formed in the substrate is included, and the process of forming 
the 2nd insulating layer that comprises silicon oxide with a CVD method on an insulating layer 
including the inside of an opening is included further. 

[0049][Process-100] The substrate 10 which comprises first the single-crystal-silicon 
semiconductor substrate which is excellent in crystallinity is prepared. And the uneven parts 1 1 
and 12 are formed in the surface (bow noodles) of the substrate 10. As shown in (A) of drawing 
1, specifically, the crevice (slot) 1 1 whose depth is 60 nm - 120 nm is formed in the surface of 
the substrate 10 at intervals of 500 micrometers by trenching etc. based on a lithography 
technology and dry etching technology, for example. The heights 12 will remain as a SOI layer 
(active layer) in the future, and isolation will be performed by the 1st insulating layer 13 formed 
in the crevice 1 1 . 

[0050][Process-110] Next, the 1st insulating layer 13 is formed on the surface in which the 
uneven parts 1 1 and 1 2 of the substrate 1 0 were formed (refer to (B) of drawing 1 ). The 1 st 
insulating layer 13 functions also as a polishing stopper in a next polishing process. As the 1st 
insulating layer 13, film production and polish flattening are easy and excellent in adhesion with 
the 2nd insulating layer, If the material which constitutes the 1st insulating layer 13 is a layer 
which has polishing selectivity to the substance (it is silicon in Embodiment 1) which constitutes 
the substrate 10, especially, in material, there is no restriction and the insulating material used 
for the conventional semiconductor device can be used. The 1 st insulating layer can be formed 
with a thermal oxidation method or a CVD method depending on the material to constitute. 
According to Embodiment 1 , film production is easy, and it excels in an insulating property, and 
the 1st insulating layer 13 that comprises silicon oxide (Si0 2 ) about 0.3 micrometer thick is 
formed from a point of flexibility, for example using a thermal oxidation method, the HTO method, 
a CVD method, etc. 

[0051][Process-120] The opening 14 for backgate electrode formation which has the 
predetermined depth is formed in the predetermined field of the 1st insulating layer 13 on the 
heights 1 2 formed in the substrate 10 after that (refer to (C) of drawing 1). The resist pattern 
produced by removing only the field which should specifically form in the whole surface the 
resist film which is not illustrated, and should form a back gate electrode is used as a mask for 
etching, The opening 14 for backgate electrode formation which reaches the substrate 10 is 
formed in the predetermined field of the 1st insulating layer 13 on the heights 12 formed in the 
substrate 10 based on an etching method. The 1st etching reagent or etching gas whose etching 
of the substrate 10 is slow enough compared with the insulating layer 13 is chosen, the 1st 
insulating layer 13 is etched, and etching of the 1st insulating layer 13 for formation of the 
opening 14 is performed on conditions which etching stops with the substrate 10. In this way, the 
opening 14 which has the desired size and depth which were controlled can be formed. 
[0052] [Process- 130] Next, the 2nd insulating layer 15 that specifically changes from silicon 
oxide to the bottom of the opening 14 on the 1st insulating layer 13 including the inside of the 
opening 14 based on a CVD method at least is formed (refer to (D) of drawing 1 ). More 
specifically in Embodiment 1, the 2nd insulating layer 15 that changes from silicon oxide (Si0 2 ) 
about 50 nm thick to the 1st insulating-layer 13 top, i.e., the 1st insulating-layer 13 top, and the 
bottom and the lateral portion of the opening 14, including the inside of the opening 14 is formed 
with a CVD method. 
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[0053][Process-140] The conductive material layer 16 is formed after that on the 2nd insulating 
layer 15 that includes the inside of the opening 14 for backgate electrode formation (refer to (A) 
of drawing 2 ). In this case, in order to lower the electrical resistance of a back gate electrode, it 
is preferred to use the conductive polysilicon in which the impurity was doped. Methods of 
doping an impurity include the method of doping an impurity with the method of mixing the 
impurity beforehand in the material for forming polysilicon, and the ion implantation after forming 
a polysilicon layer. For example, about 0.3 micrometer in thickness is made to deposit the 
conductive material layer 1 6 which comprises conductive polysilicon whose boron concentration 
is 1x10 20 / cm 3 grade in Embodiment 1 with the CVD method which uses silane compound gas 
and B 2 Hg as material gas. 

[0054][Process-150] By ranking second and grinding the upper conductive material layer 16 of 
the 1st insulating layer 13 by making the 2nd insulating layer 15 into a polishing stopper, 
specifically, By grinding and carrying out flattening of the conductive material layer 16 on the 2nd 
insulating layer 15, the back gate electrode 17 is formed in the opening 14 (refer to (B) of 
drawing 2). As for the 2nd insulating layer 15, although the conductive material layer 16 is ground 
as for polish of the conductive material layer 16, it is preferred to carry out on the conditions 
which are not ground. For example, only the surface of the conductive material layer 1 6 can be 
selectively ground by the chemical-and-mechanical-grinding method (the CMP method) using 
the polishing pad which comprises nonwoven fabric substrate crossing, and polishing slurry, such 
as ethylenediamine. If the polish of the 2nd insulating layer 15 of polishing slurry is slow enough 
compared with the conductive material layer 16, it can also use other abradants. The back gate 
electrode 1 7 with the flat surface can be formed in the opening 1 4 as mentioned above. 
[0055][Process-160] Next, the interlayer film 18 is formed in the whole surface. As shown in (C) 
of drawing 2 . specifically, the interlayer film 18 is formed on the 2nd insulating layer 1 5 and the 
back gate electrode 17. According to Embodiment 1, since a silicon semiconductor substrate is 
used as the supporting board 19, the interlayer film 18 which comprises especially a silicon 
semiconductor substrate and the silicon oxide (SiOO which is excellent in adhesion is formed by 
about 0.3 micrometer in thickness using a thermal oxidation method or a CVD method. 
[0056]Since the interlayer film 18 is formed on the 2nd insulating layer 15 that has the flat 
surface, and the back gate electrode 17, it is uniform and the surface serves as a flat film. 
Therefore, it is an insulator layer which has a field which can be pasted together, without 
carrying out flattening of the surface in principle. Fine unevenness (Hayes, Haze) may exist in 
the surface of the produced interlayer film 1 8. In such a case, it is preferred to, perform surface 
lapping of the interlayer film 1 8 and flattening for example, using the polishing pad which 
comprises polyurethane foam (nonwoven fabric type continuous foam) by the CMP method using 
the polishing slurry which comprises colloidal silica with a mean particle diameter of 40 nm. 
[0057][Process-1 70] It ranks second and the substrate 10 and the supporting board 19 are 
pasted together via the interlayer film 18 (refer to (A) of drawing 3 ). The supporting board 19 is 
prepared and, specifically, one field of the supporting board 19 and the surface of the interlayer 
film 1 8 of the semiconductor substrate 1 0 are piled up. As the supporting board 1 9, the 
semiconductor substrate which comprises the single crystal silicon which is excellent in 
crystallinity is used in Embodiment 1. 

[0058]it piles each other up — making — although carried out at a room temperature, it is 
usually preferred to make it there be no adhesion of the particle etc. which fully perform washing 
of a lamination side, etc. and cause gassing before superposition at the time of lamination. It is 
preferred to consider it as the surface state by which an OH radical exists and lays on top of a 
lamination side, and junction is sometimes fully performed. By therefore, the CMP method using 
the polishing slurry which comprises colloidal silica with a mean particle diameter of 40 nm, for 
example using the polishing pad which comprises polyurethane foam (suede type continuous 
foam). It is preferred to perform surface lapping of the supporting board 1 9 and flattening, and to 
make an R a =0.4-nm level to the surface roughness of the surface of the supporting board 19. 
Subsequently, it is preferred to carry out RCA washing of the surface of the supporting board 



19. For example, the solution mixed at a rate of NH 3 :H 2 0 2 :H 2 0= 1:2:7 can be used as an RCA 
penetrant remover. It is preferred after washing to dry the surface with a spin system. When 
temperature is raised and it dries, a surface OH radical decreases and there is a possibility that 
junction power may decline. 

[0059]After piling up the interlayer film 18 surface and the supporting board 19 of the substrate 
10, when heatHxeating for 800-1 300degreeC and 30 to 120 minutes, a firm jointing condition can 
be formed by oxygen gas or a nitrogen gas atmosphere. Then, the unsealed portion of a 
peripheral part is cuted off the corners. 

[0060] [Process- 180] It ranks second, and the substrate 10 is evenly ground from the rear face 
of the substrate 10 so that the 1st insulating layer 13 of the pars basilaris ossis occipitalis of the 
crevice 1 1 formed in the surface of the substrate 10 may be exposed. Specifically, the substrate 
1 0 is first ground from the rear face of the substrate 1 0. As shown in (A) of drawing 4, the 
damage of grinding performs grinding to the thickness which does not reach the SOI layer used 
as an active layer. For example using a diamond wheel, grinding uses an about [ grinding stone 
yarn count #2000 ] grinding stone, and it can be performed, carrying out the high velocity 
revolution (for example, 3000 rpm) of the grinding stone. 

[0061]Next, mirror polishing of the substrate 10 and PACE processing are performed from the 
rear face of the substrate 1 0. Although the accuracy of peripheral wheel speed of a grinding side 
is good early, the damage of grinding to the substrate by a diamond wheel is serious, and the 
granularity of a grinding side is also coarse (refer to (A) of drawing 4 ). So, it is not suitable for 
forming a semiconductor device. Therefore, as shown in (A) of drawing 4 , in order to remove 
surface roughness and a damage, in grinding, it leaves the substrate 10 about 7 micrometers 
thick above the pars basilaris ossis occipitalis (a figure upper surface) of the crevice 1 1 
eventually. Then, in order to remove the grinding marks in the substrate 10, mirror polishing 
about 3 micrometers thick is performed (refer to (B) of drawing 4 ). Mirror polishing can be 
performed using with the polishing pad of nonwoven fabric substrate crossing, and a particle 
diameter of about 80 nm colloidal silica, for example, applying a fixed pressure based on the CMP 
method, when the 1st insulating layer 13 comprises silicon oxide. 

[0062]As shown in (C) of (B) and drawing 4 of drawing 3 , in order to make uniform thickness of 
the substrate 10 on the 1st insulating layer 13, PACE processing by a partial plasma etching 
technique is performed. In this way, a very uniform thickness of 200**50 nm can be made to the 
thickness of the substrate 1 0 on the 1 st insulating layer 1 3 after polish. 

[0063]Subsequently, as shown in (C) of drawing 3 , selection polish of the substrate 10 left behind 
on the 1st insulating layer 13 can be carried out further, it can leave by a level difference, and 
the SOI substrate which has SOI layer (active layer) 10A of desired thickness (for example, 
about 50**5 nm) can be manufactured. Selection polish can be performed by the CMP method 
which used a polishing pad, ethylenediamine, etc. of nonwoven fabric substrate crossing. 
Although ethylenediamine grinds silicon, since silicon oxide has the hardly ground character and 
the 1st insulating layer 13 plays a role of a polishing stopper, when the 1st insulating layer 13 of 
the pars basilaris ossis occipitalis (a figure upper surface) of the crevice 1 1 formed in the 
surface of the substrate 10 is exposed, polish stops. In this way, stable thin SOI layer (active 
layer) 10A which has the thickness for the level difference of the uneven parts 11 and 12 can be 
obtained. Various abradants can be used as an abradant, without being limited to 
ethylenediamine, if the grinding rate of silicon and the 1st insulating layer is big enough. 
[0064][Process-190] A gate electrode is formed on SOI layer (active layer) 10A after that using 
the obtained SOI substrate, After forming sauce/drain area in SOI layer 10A and forming a layer 
insulation layer in the whole surface, a desired SOI type semiconductor device can be 
manufactured by forming various wiring. 

[0065]In [process- 130], as shown in (A) of drawing 5 , the 2nd insulating layer 15 that comprises 
silicon oxide (Si0 2 ) by a thermal oxidation method can also be formed in the surface of the 
substrate 10 which the bottom of the opening 14 exposed. When based on a thermal oxidation 
method, the gate dielectric film for back gate electrodes of much more good thickness can be 
obtained. In this case, as for the 1st insulating layer 13, it is desirable to have polishing 



JP-A-2001 -28354 



15/33 



selectivity to the conductive material layer 16. And specifically in [process-150], flattening of 
the conductive material layer 1 6 is carried out by grinding the conductive material layer 1 6 on 
the 1st insulating layer 13 by grinding the upper conductive material layer 16 of the 1st insulating 
layer 13 by the CMP method by making the 1st insulating layer 13 into a polishing stopper. 
[0066]Or as formation of the 2nd insulating layer 15 is omitted and it is shown in (B) of drawi ng 5 
again, By etching the 1 st insulating layer 1 3 so that the 1 st insulating layer 1 3 that has 
predetermined thickness on the substrate 10 may be left behind to the predetermined field of 
the 1st insulating layer 13 on the heights 12 formed in the substrate 10 in [process- 120], The 
opening 14 for backgate electrode formation may be formed. In this case, the 1st insulating layer 
13 that has the predetermined thickness left behind on the substrate 10 functions as gate 
dielectric film for back gate electrodes. And specifically in [process-150], flattening of the 
conductive material layer 16 is carried out by grinding the conductive material layer 16 on the 
1 st insulating layer 1 3 by grinding the upper conductive material layer 1 6 of the 1 st insulating 
layer 13 by the CMP method by making the 1st insulating layer 13 into a polishing stopper. 
[0067]The semiconductor device obtained by Embodiment 1 has a back gate electrode, and has 
the isolation characteristics which were formed in the SOI layer (active layer) which was thinly 
excellent in thickness uniformity, and were excellent. Therefore, the SOI type semiconductor 
device obtained by Embodiment 1 can attain high integration, low power consumption, 
improvement in the speed, etc. 

[0068](Embodiment 2) Embodiment 2 is related with the manufacturing method of the 
semiconductor device concerning the 2nd mode of this invention. Embodiment 2 is modification 
of the manufacturing method of the semiconductor device of Embodiment 1, and manufactures a 
semiconductor device to the SOI substrate obtained by what is called a Smart Katt method. 
Specifically between [process-1 60] of Embodiment 1, and [process-170], In [process-180] of 
Embodiment 1 including the process of forming the stratum disjunctum 20 in the position of the 
predetermined depth of the substrate 10, After exfoliating the portion of the substrate 10 by the 
side of a rear face from the stratum disjunctum 20 of the substrate 10, the substrate 10 is 
evenly ground from the rear face of the substrate 10 after exfoliation so that the 1st insulating 
layer 13 of the pars basilaris ossis occipitalis of the crevice 11 formed in the surface of the 
substrate 10 may be exposed. The process of forming the stratum disjunctum 20 in the position 
of the predetermined depth of the substrate 10 comprises the process of carrying out the ion 
implantation of the hydrogen ion to the predetermined depth of the substrate 10. By forming the 
stratum disjunctum 20, formation of a SOI layer (active layer) becomes easy, and, moreover, the 
remainder in which the silicon semiconductor substrate exfoliated can be reused. 
[0069]Hereafter, the manufacturing method of the semiconductor device of Embodiment 2 is 
explained with reference to typical drawing 6 a nd drawing 7 which are sectional views in part, 
such as a substrate. 

[0070][Process-200] The structure shown in (C) of drawing 2 can be acquired by carrying out 
the same process as [process-100] of Embodiment 1 - [process-1 60] first. 
[0071][Process-210] It ranks second, and as shown in (A) of drawing 6 , the stratum disjunctum 
20 is formed in the position of the predetermined depth of the substrate 10 by carrying out the 
ion implantation of the hydrogen ion to the substrate 10 from the upper part of the interlayer film 
18. As for the stratum disjunctum 20, it is preferred to form less than 1 micrometer under the 
1st insulating layer 13 formed as a polishing stopper. In Embodiment 2, the stratum disjunctum 
20 is formed around 0.2 micrometer under the 1st insulating layer 13. The silicon layer of around 
0.2 micrometer of lower parts of the 1st insulating layer 13 is left behind as polish and ** cost. 
The reference number 10B shows the portion of an upper (1st insulating-layer side) substrate 
rather than the stratum disjunctum 20, and the reference number 10C shows the portion of a 
downward substrate rather than the stratum disjunctum 20. 

[0072][Process-220] As it ranks second and is shown in (B) of drawing 6 . the supporting board 
19 is prepared and one field of the supporting board 19 and the surface of the interlayer film 18 
are piled up. As the supporting board 19, the semiconductor substrate which comprises single 
crystal silicon is used by Embodiment 2. Although superposition is performed at a room 
temperature, its Lycium chinense is usually preferred, as it does not have adhesion of the 



particle etc. which cause gassing at the time of lamination by pasting together before 
superposition and fully washing a field. It is preferred to use the surface state that an OH radical 
exists and lays on top of a lamination side, and junction is sometimes fully performed. After piling 
up both substrates, heat-treatment for 30 to 120 minutes is performed by 400 degreeC. Then, it 
heat-treats by 600 degreeC and the substrate 10 is made to separate into the substrate 10B 
and the substrate 1 0C from the stratum disjunctum 20, as shown in (A) of drawing 7 . 
Subsequently, the firm jointing condition of the substrate 10B and the supporting board 19 can 
be acquired by 800-1 100 degreeC under oxygen gas or a nitrogen gas atmosphere by performing 
further heat treatment for 30 minutes - 1 20 minutes. 

[0073]When the ion implantation of the hydrogen ion is carried out into a silicon semiconductor 
substrate, since the solid-solution limit of hydrogen is low, A micro cavity generates in silicon 
and becoming a kind of porous structure is known (for example, references, such as A. van Veen, 
et. al., MRS Symposium Proceeding, Vol.107 pp449, and 1988). After pasting together, when it 
heat-treats, by Ostwald RA1PUNINGU. Over the injection plane (stratum disjunctum interface), a 
micro crack spreads and it is known that a silicon semiconductor substrate is easily separable 
(M. Bruel, Electron. Lett., Vof.31 No. 14, and pp1201 (1995) reference). Embodiment 2 uses this 
phenomenon. The substrate 1 0C which is the exfoliation remainder of the substrate 1 0 is 
recyclable by grinding the surface and making surface roughness small. 
[0074][Process-230] In order to rank second and to obtain a thin SOI layer (active layer), 
selection polish of the substrate 10B after exfoliation is performed. This selection polish can be 
performed based on the polishing pad of nonwoven fabric substrate crossing and the grinding 
liquid which has polishing selectivity between silicon silicon oxide, for example, the CMP method 
using ethylenediamine. In this case, by adding an abrasive grain to grinding liquid, surface 
roughness is also improved and polish can be stopped in the height which the surface of the 1st 
insulating layer 1 3 exposes (refer to (B) of drawing 7) . 

[0075][Process-240] A gate electrode is formed on SOI layer (active layer) 10A after that using 
the obtained SOI substrate, After forming sauce/drain area in SOI layer 10A and forming a layer 
insulation layer in the whole surface, a desired SOI type semiconductor device can be 
manufactured by forming various wiring. 

[0076]In Embodiment 2, the 2nd insulating layer 1 5 that comprises silicon oxide (Si0 2 ) by a 
thermal oxidation method can also be formed in the surface of the substrate 10 exposed to the 
bottom of the opening 14 in the same process as [process- 130]. In this case, as for the 1st 
insulating layer 13, it is desirable to have polishing selectivity to the conductive material layer 16. 
And in the same process as [process- 150], Specifically, flattening of the conductive material 
layer 16 is carried out by grinding the conductive material layer 16 on the 1st insulating layer 13 
by grinding the upper conductive material layer 16 of the 1st insulating layer 13 by the CMP 
method by making the 1st insulating layer 13 into a polishing stopper. 
[0077]Or in [ omit formation of the 2nd insulating layer 15 again, and ] the same process as 
[process-120], The opening 14 for backgate electrode formation may be formed in the 
predetermined field of the 1st insulating layer 13 on the heights 12 formed in the substrate 10 by 
etching the 1st insulating layer 13 so that the 1st insulating layer 13 that has predetermined 
thickness on the substrate 1 0 may be left behind. In this case, the 1 st insulating layer 1 3 that 
has the predetermined thickness left behind on the substrate 10 functions as gate dielectric film 
for back gate electrodes. And in the same process as [process-150], Specifically, flattening of 
the conductive material layer 1 6 is carried out by grinding the conductive material layer 1 6 on 
the 1st insulating layer 13 by grinding the upper conductive material layer 16 of the 1st insulating 
layer 13 by the CMP method by making the 1st insulating layer 13 into a polishing stopper. 
[0078]According to Embodiment 2, after forming the 2nd insulating layer 1 5 and forming the 
interlayer film 18, the stratum disjunctum 20 is formed in the inside of the substrate 10 by 
carrying out the ion implantation of the hydrogen ion. Therefore, according to the Embodiment 2, 
the grinding operation of the substrate 1 0B after a lamination process can be shortened and 
simplified substantially. Since flattening of the surface can be carried out and reuse can be 
presented with the remainder 10C of the exfoliative substrate, a manufacturing cost can be 
reduced substantially. 
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[0079](Embodiment 3) Embodiment 3 is also modification of Embodiment 1. When forming the 
back gate electrode 17 in the opening 14 by grinding the conductive material layer 16 on the 2nd 
insulating layer 15 in [process-1 50] of Embodiment 1, as a typical part plan is shown in drawing 
8, ****** 16A of the conductive material layer 16 may remain. Existence of ****** 16A of such 
a conductive material layer 1 6 will generate a short circuit between the back gate electrodes 1 7. 
If the conductive material layer 16 is ground too much superfluously so that ****** 16A of the 
conductive material layer 1 6 may not exist, There is a possibility that what is called a dishing 
phenomenon may occur, control of the thickness of the conductive material layer 1 6 to leave, 
i.e., the thickness of the back gate electrode 17, may become difficult, and change may arise in 
the resistance of the back gate electrode 1 7 as a result. In drawing 8 , in order to clarify each 
field, the slash was attached. 

[0080]In the manufacturing method of the semiconductor device in Embodiment 3, in the same 
process as [process-1 50] of Embodiment 1, after grinding the 2nd conductive material layer 16 
of the insulating-layer 15 upper part, the conductive material layer 16A which comprises the 
conductive polysilicon which remained on the 2nd insulating layer 15 is oxidized thermally. 
****** 16A of the conductive material layer 16 is substantially removed by this. Hereafter, the 
manufacturing method of the semiconductor device of Embodiment 3 is explained, referring to 
typical drawing 9 and drawing 1 0 which are sectional views in part, such as a semiconductor 
substrate. 

[0081][Process-300] The same process as [process-1 00] of Embodiment 1 - [process-1 50] is 
carried out first. By the same process as [process-1 00] of Embodiment 1, [process-1 10], 
[process-1 20], [process-1 30], [process-1 40], and [process-1 50]. Respectively, the structure 
shown in (A) of drawing 9 , (B), (C), (D), (A) of drawing 10 , and (B) can be acquired. At the time of 
completion of the same process as [process-1 50], as shown in (B) of drawing 10 depending on 
the case, a part of conductive material layer 16 16A may remain on the 2nd insulating layer 15. 
In the same process as [process-1 50], it is desirable to grind the conductive material layer 16 to 
an excess a little (that is, generating what is called a dishing phenomenon) by the reason 
mentioned later. What is done for flattening of the 1st insulating layer 13 after completing the 
same process as [process-1 00], Since variation arises in the thickness of the 1st insulating layer 
13 after flattening since a polishing stopper does not exist, and degradation arises in the 
characteristics, such as withstand voltage of the 1st insulating layer 13, with the present art, it is 
difficult in many cases. 

[0082][Process-310] Next, it is considered as the silicon oxide film 16B by oxidizing thermally 
the conductive material layer 16A which comprises the conductive polysilicon which remained 
above the 1st insulating layer 13 (specifically on the 2nd insulating layer 15). Although the 
surface of the conductive material layer 1 6 which filled the inside of the opening 1 4 also oxidizes 
and it becomes the silicon oxide film 1 6C, since the thickness of the conductive material layer 
16 which filled the inside of the opening 14 is about 0.3 micrometer, a problem is not produced at 
all. In this way, the state where it was obtained is shown in (C) of drawing 1 0 . In CO of drawing 
10, the graphic display of the state of the thickness change by oxidation of the conductive 
material layer 16A of ******, etc. is typical. 

[0083]In order to form the silicon oxide film of thickness "1", the polysilicon layer of thickness 
"0.45" is needed. For example, when the conductive material layer 1 6 is ground so that the 
thickness of the conductive material layer 1 6A of 60 nm and ****** may be set [ level 
difference / between the heights 1 2 and the crevice 11 ] to 27 nm in the thickness of 60 nm and 
the 2nd insulating layer 15, the thickness of the silicon oxide film formed by oxidation is set to 
60 nm. So that the level difference of the crestal plane of the 2nd insulating layer 15 and the 
crestal plane of the conductive material layer 1 6 in the opening 1 4 may be set to 1 2 nm, If the 
conductive material layer 1 6 in the opening 1 4 in the state which showed in (B) of drawing 1 0 is 
changed into a dishing state, Namely, if the conductive material layer 1 6 is ground to an excess a 
little in the same process as [process-1 50], the crestal plane of the 2nd insulating layer 15 and 
the crestal plane of the silicon oxide film 1 6C will be in the state of being in the same flat 
surface mostly. 

[0084][Process-320] A desired SOI type semiconductor device can be henceforth manufactured 



by passing through [process-1 60] of Embodiment 1 - [process-1 90], 

[0085]Also in Embodiment 3, the 2nd insulating layer 15 that comprises silicon oxide (Si0 2 ) by a 
thermal oxidation method can also be formed in the surface of the substrate 10 exposed to the 
bottom of the opening 14 in the same process as [process-1 30]. In this case, as for the 1st 
insulating layer 13, it is desirable to have polishing selectivity to the conductive material layer 16. 
And in the same process as [process-1 50], Specifically, flattening of the conductive material 
layer 16 is carried out by grinding the conductive material layer 16 on the 1st insulating layer 13 
by grinding the upper conductive material layer 16 of the 1st insulating layer 13 by the CMP 
method by making the 1st insulating layer 13 into a polishing stopper. 
[0086]Or in [ omit formation of the 2nd insulating layer 15 again, and ] the same process as 
[process-1 20], The opening 14 for backgate electrode formation may be formed in the 
predetermined field of the 1st insulating layer 13 on the heights 12 formed in the substrate 10 by 
etching the 1 st insulating layer 1 3 so that the 1 st insulating layer 1 3 that has predetermined 
thickness on the substrate 10 may be left behind. In this case, the 1st insulating layer 13 that 
has the predetermined thickness left behind on the substrate 10 functions as gate dielectric film 
for back gate electrodes. And in the same process as [process-1 50], Specifically, flattening of 
the conductive material layer 1 6 is carried out by grinding the conductive material layer 1 6 on 
the 1st insulating layer 13 by grinding the upper conductive material layer 16 of the 1st insulating 
layer 13 by the CMP method by making the 1st insulating layer 13 into a polishing stopper. 
[0087]In Embodiment 3, like Embodiment 2, the ion implantation of the hydrogen ion may be 
carried out to the inside of a substrate, and the stratum disjunctum 20 may be formed in the 
substrate 10 before a lamination process. Since what is necessary is just to specifically adopt 
the same method as Embodiment 2 substantially, detailed explanation is omitted. 
[0088](Embodiment 4) Embodiment 4 is related with the manufacturing method of the 
semiconductor device concerning the 3rd mode of this invention. In Embodiment 3, after forming 
the 1st insulating layer, ranking second and forming the 2nd insulating layer on it first, the gate 
dielectric film for back gate electrodes is formed by etching the 2nd insulating layer by using the 

I st insulating layer as an etching stopper. 

[0089]Hereafter, the manufacturing method of the semiconductor device of Embodiment 4 is 
explained, referring to typical drawing 1 1 and drawing 12 which are sectional views in part, such 
as a semiconductor substrate. 

[0090][Process-400] The uneven parts 11 and 12 are first formed in the surface of the 
substrate 10. Like Embodiment 1, the substrate 10 is prepared and, specifically, the uneven parts 

I I and 1 2 are formed in the surface of the substrate 1 0. Specifically, the crevice (slot) 1 1 whose 
depth is 12 nm - 60 nm is formed in the surface of the substrate 10 at intervals of 500 
micrometers by trenching etc., for example. 

[0091][Process-410] Next, the 1st insulating layer 13 is formed on the surface in which the 
uneven parts 1 1 and 1 2 of the substrate 1 0 were formed. According to Embodiment 4, the 1 st 
insulating layer 13 that comprises silicon oxide (Si0 2 ) about 0.1 micrometer thick is formed with 
the CVD method which used SiH 4 ~0 2 as material gas. 

[0092][Process-420] The 2nd insulating layer 15 is formed on the 1st insulating layer 13 after 
that Specifically, the 2nd insulating layer 15 with a thickness of about 0.3 micrometer which 
comprises silicon nitride (SiN), for example with the CVD method using SiH 4 -NH 3 as material gas 
is formed. It is necessary to make thickness of the 2nd insulating layer 1 5 only into the thickness 
which can secure the thickness of a back gate electrode. In this way, the structure shown in (A) 
of drawing 1 1 can be acquired. 

[0093][Process-430] It ranks second and the opening 14 for backgate electrode formation which 
reaches the 1 st insulating layer 1 3 is formed in the predetermined field of the 2nd insulating 
layer 15 on the heights 12 formed in the substrate 10 (refer to (B) of drawing 1 1 ). The opening 
14 is formed by removing only the field which specifically forms in the whole surface the resist 
film which is not illustrated, and forms a back gate electrode, and etching after that the 2nd 
insulating layer 15 that comprises silicon nitride (SiN), using this resist pattern as a mask. 
Etching of the 2nd insulating layer 15 for formation of the opening 14, It compares with the etch 
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rate of the 2nd insulating layer 15 that comprises silicon nitride (SiN), It carries out by an 
etching condition which chooses an etching reagent or etching gas whose etching of the 1st 
insulating layer 13 which comprises silicon oxide is slow enough, and the 2nd insulating layer 15 
is etched, and is stopped on the 1st insulating layer 13. In this way, the opening 14 of the size 
and thickness which were controlled can be formed. 

[0094][Process-440] The conductive material layer 16 is formed like [process-140] of 
Embodiment 1 after that on the 2nd insulating layer 15 including the inside of the opening 14 
(refer to (C) of drawing 11 ). 

[0095][Process-450] Next, the back gate electrode 17 is formed in the opening 14 by grinding 
the conductive material layer 16 on the 2nd insulating layer 15 by the CMP method. As for the 
2nd insulating layer 1 5, although the conductive material layer 1 6 is ground as for polish of the 
conductive material layer 1 6, it is preferred to carry out on the conditions which are not ground. 
As polishing slurry, if polish of the 2nd insulating layer 15 that comprises silicon nitride (SiN) 
compared with the conductive material layer 1 6 is slow enough, various abradants can be used. 
As shown in (A) of drawing 12 as mentioned above, the back gate electrode 1 7 with the flat 
surface can be formed. 

[0096][Process-460] After that, like [process-1 60] of Embodiment 1, after forming the interlayer 
film 18 in the whole surface, the substrate 10 and the supporting board 19 are pasted together 
via the interlayer film 1 8 like [process-1 70] of Embodiment 1 (refer to (B) of drawing 1 2). Next, 
the substrate 1 0 is evenly ground from the rear face of the substrate 1 0 so that the 1 st 
insulating layer 13 of the pars basilaris ossis occipitalis of the crevice 11 formed in the surface 
of the substrate 10 may be exposed like [process-1 80] of Embodiment 1 (refer to (C) of drawing 
12). 

[0097][Process-470] A gate electrode is formed on SOI layer (active layer) 10A after that using 
the obtained SOI substrate, After forming sauce/drain area in SOI layer 1 0A and forming a layer 
insulation layer in the whole surface, a desired SOI type semiconductor device can be 
manufactured by forming various wiring. 

[0098]The semiconductor device obtained by Embodiment 4 has the isolation characteristics 
which have the back gate electrode 17, and were formed in SOI layer (active layer) 10A excellent 
in thickness uniformity like Embodiment 1, and were excellent. Therefore, the semiconductor 
device obtained by Embodiment 4 can attain high integration, low power consumption, 
improvement in the speed, etc. 

[0099]In Embodiment 4, like Embodiment 2, the ion implantation of the hydrogen ion may be 
carried out to the inside of a substrate, and the stratum disjunctum 20 may be formed in the 
substrate 10 before a lamination process. Since what is necessary is just to specifically adopt 
the same method as Embodiment 2 substantially, detailed explanation is omitted. 
[0100]Also in Embodiment 4, [process-450] is followed like Embodiment 3, After grinding the 2nd 
conductive material layer 16 of the insulating-layer 15 upper part, ****** 16A of the conductive 
material layer 16 can be substantially removed by oxidizing thermally the conductive material 
layer 16A which comprises the conductive polysilicon which remained on the 2nd insulating layer 
15. 

[0101]As mentioned above, although this invention was explained based on the embodiment of 
the invention, this invention is not limited to these. The structure of the semiconductor device 
explained by the embodiment of the invention, the used material, etc. are illustration, and can be 
changed suitably. 

[0102]For example, the substantial removal by the thermal oxidation of ****** 1 6A of the 
conductive material layer 16 on an insulating layer explained by Embodiment 3 is applicable to 
the manufacturing method of the SOI type semiconductor device which does not have a back 
gate electrode. By reference, the manufacturing method of such a semiconductor device is 
hereafter explained with reference to typical drawing 1 3 and drawing 1 4 which are sectional 
views in part, such as a substrate. 

[0103]First, the same process as [process-1 00] of Embodiment 1, [process-1 10], and [process- 
140] is carried out. The structure shown in (A) of drawing 1 3 , (B), and (C) can be acquired, 
respectively by the same process as [process-1 00] of Embodiment 1, [process-1 10], and 



[process- 140]. In the same process as [process-1 40], the polysilicon layer 116 is formed instead 
of a conductive material layer. The polysilicon layer 116 functions as a film for flattening. The 
polysilicon layer 116 does not need to have conductivity. After completing the same process as 
[process-1 00], since variation arises in the thickness of the insulating layer 113 after flattening 
since a polishing stopper does not exist, and degradation arises in the characteristics, such as 
withstand voltage of the insulating layer 113, it is difficult with the present art to carry out 
flattening of the insulating layer 113 in many cases. 

[0104]Then, the same process as [process-1 50] of Embodiment 1 is performed. Namely, the 
upper polysilicon layer 116 of the insulating layer 113 is ground by making the insulating layer 
113 into a polishing stopper. It is desirable to grind the polysilicon layer 1 1 6 superfluously so that 
it may become the thickness about the half of the level difference of the uneven parts 1 1 and 1 2 
from a viewpoint of arranging the crestal plane of the insulating layer 1 1 3 in the SOI substrate 
obtained eventually, and the silicon oxide film 116B. In this way, flattening of the insulating layer 
1 1 3 and the polysilicon layer 1 1 6 is carried out in general (refer to (A) of dr awing 14 ). The 
polysilicon layer 116A remains in the dent of the insulating layer 113. Subsequently, it is 
considered as the silicon oxide film 1 16B by oxidizing the polysilicon layer 116 thermally (refer to 
(B) of d rawing 14 ). Then, the crestal plane of the flat insulating layer 113 and the silicon oxide 
film 116B is again arranged by performing flattening processing. The thermal oxidation of the 
polysilicon layer 116 may be omitted depending on the case, and flattening processing for the 
second time may be omitted. 

[0105]Henceforth, a desired SOI type semiconductor device can be manufactured by passing 

through [process-1 60] of Embodiment 1 - [process-1 90]. 

[0106] 

[Effect of the Invention]in the manufacturing method of the semiconductor device of this 
invention, unlike a Prior art, formation of the polysilicon film for flattening becomes unnecessary, 
and what needed to form an about 5-micrometer thick polysilicon film should just form an 
interlayer film about 0.1-0.5 micrometer thick conventionally. Therefore, a desired SOI substrate 
can be produced in a little film production raw materials and short film production time, and a 
manufacturing cost can be reduced substantially. 

[01 07] According to the Prior art, since long film production time was required using a lot of film 
production material gas, in the CVD system, the excessive work which polysilicon accumulates 
on the portion in contact with the pawl of the both ends of a substrate at protuberance form, 
and removes this protuberance form thing was required. Since it ends in a little film production 
raw materials and short film production time according to this invention, generation of this 
protuberance form thing is almost lost. Therefore, the excessive work which removes a 
protuberance form thing becomes unnecessary, and simplification of a manufacturing process 
can be attained. 

[0108]The heights of a substrate can be made into a polishing stopper when grinding and 
carrying out flattening of the 1 st insulating layer to the height of the heights upper bed of a 
substrate, and the grinding rate of the 1st insulating layer uses sufficiently big abrasive soap as 
compared with the grinding rate of a substrate. By this, it can be made to end by the heights of a 
substrate certainly, and polish advances too much, it is sufficient, and polish is not carried out. 
[0109]Since an interlayer film is formed on the 1st insulating layer by which flattening was 
carried out, the 2nd insulating layer, and a back gate electrode, The flattening polish on the 
surface of an interlayer film becomes unnecessary as a principle in front of the lamination of a 
supporting board, the variation factor of polish is lost, lamination is stabilized, and improvement 
in the substrate lamination yield can be aimed at. 

[0110]In addition, since the interlayer film of uniform membraneous quality is formed on the 1st 
insulating layer by which flattening was carried out, the 2nd insulating layer, and a back gate 
electrode, sufficient withstand voltage can be obtained. If the interlayer film which is a lamination 
side is constituted from silicon oxide, it compares, when performing lamination by a silicon 
comrade. ( — namely, — comparing, when pasting together the supporting board and polysilicon 
film which comprise a silicon semiconductor substrate — ) — since a combination stable 
between the interlayer film and silicon which comprise silicon oxide is formed, improvement in 
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the substrate lamination yield can be aimed at. 

[01 1 1]By performing PACE processing, with the conventional grinding grinding method, thickness 
of the substrate thin-film-ized by 1-5 micrometers can be made much more thin, and the SOI 
layer of uniform thickness can be obtained very thinly. 

[0112]Since according to the manufacturing method of the semiconductor device concerning the 
2nd or the 4th mode of this invention it can exfoliate and most substrates which should carry 
out grinding removal can originally be removed, polishing time is shortened substantially and 
becomes easy [ polish and flattening ]. The remainder of the exfoliative substrate can be reused 
by carrying out flattening of the surface again, and serves as large cost reduction. 
[01 1 3]Therefore, the semiconductor device obtained by the manufacturing method of this 
invention can attain high integration, low-power-consumption-izing, improvement in the speed, 
etc., and, moreover, is excellent in various device properties. 

[01 14]lf the conductive material layer which comprises the conductive polysilicon which 
remained on the 1st insulating layer or the 2nd insulating layer is oxidized thermally after grinding 
the 1st conductive material layer of the insulating-layer upper part when using as conductive 
polysilicon material which constitutes a conductive material layer, It becomes a silicon oxide 
layer and the conductive material layer which remained on the 1 st insulating layer or the 2nd 
insulating layer is removed substantially, and the conductive material layer which remained on 
the 1st insulating layer or the 2nd insulating layer originated in the conductive material layer 
which remained on the 1 st insulating layer or the 2nd insulating layer, for example, can prevent 
generating of a short circuit certainly. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]t he substrate for explaining the manufacturing method of the semiconductor device 
of the embodiment of the invention 1 , etc. are typical — it is a sectional view in part. 
[Drawing 2]t he substrate for continuing at drawing 1 and explaining the manufacturing method of 
the semiconductor device of the embodiment of the invention 1, etc. are typical — it is a 
sectional view in part. 

[Drawing 3]t he substrate for continuing at drawing 2 a nd explaining the manufacturing method of 
the semiconductor device of the embodiment of the invention 1, etc. are typical — it is a 
sectional view in part. 

[Drawing 4] the substrate for explaining the polishing process in the manufacturing method of the 
semiconductor device of the embodiment of the invention 1 , etc. are typical — it is a sectional 
view in part. 

[Drawing 5] in the embodiment of the invention 1, the substrate etc. in which a sectional view and 
the state where it left the insulating layer to the bottom of the opening with a typical substrate 
etc. in which the state where the 2nd insulating layer that changes from silicon oxide to the 
bottom of an opening by a thermal oxidation method was formed is shown are shown are typical 



in part — it is a sectional view in part. 

[Drawing 6]t he substrate for explaining the manufacturing method of the semiconductor device 
of the embodiment of the invention 2, etc. are typical — it is a sectional view in part. 
[Drawing 7]t he substrate for continuing at drawing 6 and explaining the manufacturing method of 
the semiconductor device of the embodiment of the invention 2, etc. are typical — it is a 
sectional view in part. 

[Drawing 8]the typical part plan for explaining the problem which may happen in [process-150] of 
the embodiment of the invention 1 — and typical — it is a sectional view in part. 
[Drawing 9]t he substrate for explaining the manufacturing method of the semiconductor device 
of the embodiment of the invention 3, etc. are typical — it is a sectional view in part. 
[Drawing 10jt he substrate for continuing at drawing 9 and explaining the manufacturing method 
of the semiconductor device of the embodiment of the invention 3, etc. are typical — it is a 
sectional view in part. 

[Drawing 1 1]t he substrate for explaining the manufacturing method of the semiconductor device 
of the embodiment of the invention 4, etc. are typical — it is a sectional view in part. 
[Drawing 12]t he substrate for continuing at drawing 1 1 and explaining the manufacturing method 
of the semiconductor device of the embodiment of the invention 4, etc. are typical — it is a 
sectional view in part. 

[D r awing 13]t he substrate at the time of applying the substantial removal by the thermal 
oxidation of ****** of the conductive material layer on an insulating layer to the manufacturing 
method of the SOI type semiconductor device which does not have a back gate electrode etc. 
which were explained by the embodiment of the invention 3 are typical — it is a section 
reference drawing in part. 

[Drawing I4]t he substrate at the time of applying the substantial removal by the thermal 
oxidation of ****** of the conductive material layer on an insulating layer to the manufacturing 
method of the SOI type semiconductor device which does not have a back gate electrode etc. 
which continued at drawing 1 3 and were explained by the embodiment of the invention 3 are 
typical — it is a section reference drawing in part. 

[Drawing 15]t he semiconductor substrate for explaining the manufacturing method of the 
semiconductor device of conventional method-A, etc. are typical — it is a sectional view in part. 

[Drawing 16]t he semiconductor substrate for continuing at drawing 15 and explaining the 
manufacturing method of the semiconductor device of conventional method-A, etc. are typical - 

- it is a sectional view in part. 

[Drawing 1 7] the semiconductor substrate for explaining the manufacturing method of the 
semiconductor device of conventional method-C, etc. are typical — it is a sectional view in part. 

[Drawing 1 8]t he semiconductor substrate for continuing at drawing 1 7 and explaining the 
manufacturing method of the semiconductor device of conventional method-C, etc. are typical - 

- it is a sectional view in part. 
[Description of Notations] 

10 ... A substrate, 10A ... A SOI layer (active layer), 1 1 ... Crevice, 12 [ ... The 2nd insulating 
layer, ] ... Heights, 13 ... The 1st insulating layer, 14 ... An opening, 15 16 [ ... A back gate 
electrode, 18 / ... An interlayer film, 19 / ... A supporting board, 20 / ... Stratum disjunctum ] ... A 
conductive material layer, 16A ... ****** of a conductive material layer, 16B, 16C ... A silicon 
oxide film, 17 
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[Drawing 2] 




[Drawing 7] 
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[Drawing 4] 




[Drawing 6] 
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[ff*JS3 ] ffigaS©©i^©&£©{4ig{ciMM**J 
9tt3ga©Sfi«&. 

[»3S3B5] WKXS (C) (4. ««{C^$nfcflg(J 
±©*6iWOBf€0*«K, **LfcK»f5e©J*3*#f 

mt S C £ £ 5 Scg3t&©¥i»ffcg|g 

[i9#!7 ] fuiaxg (e ) ». asi^w^ h »rt 

-tor, JWBm»*«F«l/r™t-r4ie*6/« 
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[»jje98 ] areis (o £xe (d> ©itrc. 4>& 

< £ feHP@P©iSfflK:^2©ffiMB*0s!t-rSXg<£^ 
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tt3Sg©SSiS:S&. 
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MiHxg (o ixg (d) ©n-c. hp»©*ihc. 

£*Wit£T4fll*3I8 fCi3iS©¥iSf*&H© 

[It«3 1 0 ] ttMWtl. aWWMK*fLrwaBHR 
tt£«T£ C £ %4$*£T 41»3&B9 tclB«£©*»»^ 

■ewtm 

io imm 1 1 ] fftexs ( e ) b. *e*tn*wg* h » 
^■-at. *«m«*w*0T¥Sft-rsxgj&»& 
c £ £ f m*m 9 s£fa«s©*«f*sg© is 

2] folEXfl (OS, IRM^fcii 

«±©ieitJi©3f5e©««K. a«Kjtf 

h«SgjSEffl©MP»*»JiW4xe*>6jaE0 . 

finexg (o £xs (d> ©rat?, HP3A««t»tt 

20 Ki&^sreB©K&m 

inmiai mzvmmmiz. wmtmrntcttbrw 

4SWW6g©HJtm 

43 M£X@ (E) » 4 »2©»flUf«iF« 

8*6fi8*Cit»ftiTftll«5ll 2fCfEtSs©^lft 
iHB©it3&^!S. 

[11*91 5] ife^BtJ, SffctetfO-CiMtiHRtt** 
T£ C £ £f £13*51 1 XtilS^l 2 tcfBlSE©* 

30 mwmomm. 

£-r SiMOf l XE*i«#52 tciBiS©^ftgH©ISii 

1 7 ] ^s^i4)i%flt^T5*m{iw«i4©ij< 
y y 3 >t* 4 c £ zmmtt znim 1 xttatsw 

2 tCBBtt©^<*|«©Hji#&. 

1 8 ] BtlSXg (E) (Ctenr. «6i^H±*© 

©^ y */ y a >^6ia%mmJi«iRKf t-r $ c t z 
40 4$» £ t mm 1 7 ^tomw«im 

C»*«l 9] HiTEXS (H) tSv Sfi©XlB»6S«t 

%w jaiwRi-r *xs £ . m<Dwmmmmm t mm 

vx^^>^ic«tSPACEMl^^Xg£. WR 
©PACE iMXffi^aiRffg-r SXS^6^-5 C £ 4^ 

is:£ -r sin*! 1 x«n*a2 «c£it©^ifl$Ea©s 
m-m.2 0 ] (A) ws©*BSKiai£i«*»Bsrsx 

Si. 

so ( B ) WR<mtiBWffi& 5 nfcgffi±tc , 9 1 ©«» 
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(D) S«fcffM$nfcfl^±©IS2©&iU»©B«£© 

ffwec. is i ©«MMHc*r*^ hss^M 
©igpis^B^TSisi. 
< e ) warn **tr »2 ©K«n±tcai«tmii«^ 

(F) 92©JM±©*S^ft£§Mt-r&c:£iCJ: 

(G) »K)i££ffifc:?f»£X«±, 

(H) MlWIIfcfl-O't, 

( i > ss©RSKB^3tifciHSi5jia5©m i ommm 
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[If $32 1 ] MIEXg (G) £Xg (H) i©Wt?. 
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«BRT5IStt, ^©M5£©S3fc**-f*:'*-f* 

im>m 2 3 ] s«scws«ti^> u 3 30 

?*SC &*«*iT*ill#12 0XBBM812 1 tc£ 

IS»*H2 4] WIEXS (D) «, S«»>&3ftfcft 
Slk©!fi2©»8S©^©«ii!(£$JRWKx 9 
Tr£XfI^e$£C££1#®£T£iS$S2 OXSift* 

32 1 ^mm^9mm<Dsmm. 
immz 5] mem (f> ». m2ommmmm 

Xh^-il-C, »««»e«:W^LTTOfr$X 
e*>6fiK4Ci*1«Ri-rS8ll*B2 0XtSlf*52 1 

tciB«©*w*«ai©«am 40 
*asm*wrst£*fc«£*s»#B2 oxtt»* 

32 1 CCfS*S©^if ff4«©S£m 

ta«Ji2 7 1 » 1 ©«*««> wmmhxm^m 
m^r 5 c i £ -r <& it^a 2 0 mtmm 2 1 
Kiai£©¥*ft§gK©faim 

[M#g2 8] m©IMMtt. JH2©*&ISIgtc*tl,T 

Xiitf*a2 1 tcsa«©*«^s©iKS*ffi 0 

[«*JS2 9 ] m 1 ©*6»Jl%«fi«-5*fSKMft:^ V 50 
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3>-C*SJli5:#miteft#S2 0X!iif^S2 1 

ys/ y 3 y-zbht titmtt ss^2 oxiiif* 

3S2 HC!i^©^ftgg©$Oim 

:ss*S3 2] ffiExg (f) tcfc^r. mzowrnm 
* c i zmm ttmrn 3 1 {ctaa<©¥*if*its©$? 

tf##S3 3 ] SifEXS ( I ) ft. S«©SB5^6S« 
4§f£SWBU^ *X«£ . ®K©ffl! W©W MS <t WWl 

■r*»*>i«K:J:*PACEanitlWXB4. »« 

mt?zmmi2 oxim>m2 1 lamvmmm. 
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*^*«©*»»SifiiK:ffi»3iit»3Sffii. «M«±tc 

mi intern >m»m ( s 0 1 » t ff a ) k»m«^ 

ffiK*it»Ttt, lWfcK*©lttlMI±KSOI*6JHtfe. 
hfcSOlWR*m>4. S0ia^*ffiH4CiKJ: 
ot, *^IB»lt*#«KftBKL. *SliilB©iSm« 

it mnsmwt mmt, wtfflt, ffititg^fb, 
[0003] soi a^Migrse^a^^ien-c 

m, £/ V a >¥¥ftS^6RSESK«©^Tfl«^ 
KffittBtfOWfcll«WtO«:«. # y ^ y 3 >MX 

Wti£S9£*>tffcSL »«©SM*>6Sffi*ff^^ 
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0 i WRosmommoiff^maifim^ ct l s o i » 

©»§*m>*£Ktt. MOSWjftfciH,»-C. v-xfg 
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xAJ^s^^sdi, mB©a&v*>6HMMi 
&m*ifTzm-&fmt& 1 4#-c* s 1 4 & e> . 

&K8-3< SO I S«SBSS^©W^^^iff^a*jKff 
[000 5]^*, IHSfiD^fc-affiKiSSOlSlR 10 
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[0 0 0 6] SBFF2- 1 774 33-9&Wfcti. 01 
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3>110 24WT5ISi (HI 5© (A) # 
JB) , ( B ) Mtf 'J a>« 1 0 2 , * » FBfeftK 1 0 

1 st^mtas i o sawBKx „ y-ts c 4 tc 

J:*). WGfBttZB&T&JMt <H15©(B)# 

M) . ( C ) ^Sftffig i o <Df&£Z%t 20 
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(E) WfcfflHl 0 5acWMt^y3>«10 4*T 
fiftWBfiXat (HI 6© (A) Ml) , (F) ¥■ 

«DKa3«ttiioe*aj«3^to-B*xg4 (Hie© 

(B) *ffi) . (G) 0©Mf*5K 30 

ttSttl 0*«IW 1 0 33WifflrS*T?W*O. Mil 
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Atjiaa-rsxg (hi e© (o md , 

*»»R©«)S*ffi)W(IIS3tiTl»4. ft. *S_L & 
BPP2 - 1 7 7 4 3 3^&$gfCWm3ftfc¥*I#S«© 

[000 7] »«PP2 - 1 7 7 4 3 3-5|&fWcHR*3ft 

[000 8]**:, ti9W8 - 1 5 3 7 8 0#&«Jt 
«, fflE©H-WR:gia*Wf«iMtS/ya>J«*^J« 

;v^> y **iJss»ir5WJBB*ffli»riw*3ai(cj; Q 
w*u w*snfcifftS3^HE©iiiB4Sb^b«r 
c 4(c a 0 s 0 1 w&tw&m&n** 
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S«&&*ft-Cii!J. *©fc»SOI»©J*S2nSlpifflMK: 
*HtW»WC*S. fifi-oT. ¥*ft*f*33t7GK: 
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IT, /<»i'y-F«i2 0 3*?&a(T* (Hi 7© 
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OTi»«3H. cvDsaiflT^|£awta«i o±K#yf 
y a ymmetz t ^tct*^ ^-y±tc ? ^ *mu-c 

j trnrn. i/-ci»fc»»K# y v y a^s&sssettKsair 
§ c c©#y^ya>©Sig»B:. fg©5figxg^ss 
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a>H2 0 5Slf©¥fflft*ff ¥*H&S*«4 0 
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ffc3ttfc£*#S*£2 0 6&WIU $3Stii2 0 6©- 
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£B#tc&&2S£©ME4ft 6«tl» <fc 9 K l/T*»< jiHEs&J 
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o »©»a^f ^ c ttc* r>x, waz&&m*» 

ZCtMXZZ. &Lh©J:5KlyT, HI 8© (B) tc 
mTffi&m&Ct&XSZ, 
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o 4 mmu 2oeort, ^jf l o ©usrcm 30 
9 * h *s 2 o 3 m&LitKt immxomft 
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*. c©w». mil *EE###2oooge©^ 

[oois] c©sfflutt. wwausM^ , mnmm 

JJEfcfi^**. #4+*>K«ffitcJ:4#jf-5?j&i3S«© 
ffi±{Cr5>^X££ffi^S#T£ft^. se-^r. ffl 40 
'J3>*2 0 l±(c^KtaHRl 047Mm^lT 

mm mmmm) tt. w*.tf. t&mkitttm. mm 

= 8 0nmil) ©AofciMW^y-tJi^TfHC 
4^T*-So 

[0019] MBfrnmomna. 1 o © 
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2\>^ftttJ:SPACE (Plasma Assisted Chemical E 
tching) JniftffS C i#SHE U*. PACEJKItt, 

P. B. Mumola et el., 2nd Inter, Symp. on S 
eniconductor Wafer Bonding Science, Technology and 
Application (The Electrochemical Society, Pennung 

ton, », 1994.) mtc9^snifmm^rtf>ci 

[0 0 2 0 3 ■€■©». PACEjDIffl©7 7Xv^y- 
iy©ftS4$-tt»,>SO IJf 1 0A*ff*fc*K. M 

mfmtffs. mmtmit. #y> hoiks 

tt©tMM<9 FtlH. i/>j3>4ilftS/y=i>4©W 
bit©**^*? U>&7 5 >IP©«^?££ffiM 

I/, WWWfci/ya^MZO lvEM±*-cm/Jti* 

[002 1] «±©J:5ecLr, 01 8© (C) &c^T 
J:9fc, BKfcvya>K2 0 1±(C. Jf3#50±5n 
m©*g-tt SO 111 0A*J&s5T5c:4#-e**. 

[0022] 

-AKJS^Ttt. ?SfMI%i«JS±KM1-4^ 

hftZ>ma®M\* 1 2 0 n mgS-C* 5 . C©SM4¥ 

Ua>«3WW6KB. MftNmi£MOV9 
>**X*i!j»t3tiS. «A«CVDffitcJ:t) 

a©*y^y3>w«L. fHKWw«ii><fiTr4 

4C^fcB5flife*S. 

[0023] ^y^y=i>ji4TOt-rsti^ 

^NMHHRKRSt 6tifcSUI©0«rB:iJ« l J '> »; a >K 

im < ft 0 , GflSPr «d< y s/ y ^ < a: a . ^ 
t s ?sd £fr#E4 ft s¥SftW«iiiK*j » y ~> y 

[00241EKB, W3 5Mmefi©iJ<yf ya>« 
41iS}3-ii5»^, ^W*:»EftS*.ri,i4CVD*B 

©^ y (cr w 6 nfc v jt (dm Ki icwm b fc^ y -> y 
#ys/ya>». «©iBKM»*#it*OT. en 

4®f)|^<Xg^Sift^ 

[ 0 0 2 5 ] Bac^aasffi- cKte^r 

<a, m&&mtc!&SLZtixuitMti' y a >ii±©*- 
y ^> y 3 >iw*jBiE«r k. ts/ y a >^4?fj 
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WVZZ. L*»L/fc#&. C*l6©££(c;fcot:&. {£ 

[0 02 6] ^y#tr-btm*fcl&Ltc& SffiSgf) 
#t)14i*KJ:5 SO I M¥£ft«H£S»£i§£ > ^ 

^y- h«Sft*-T4 so I S¥&ft£H©> 

[002 7] fc-^C **93©@WW:. WiB««3l*5£ 

>jn*0fis-r4ctft<. mi. n, <fc9£«<**ifc 

[002 8] 

h:. (a) s^o^ffiicfflosp^eE-r-sxgi, 
( b ) m&<Dwa®&Bf8,2tiitm±ic 4 
$rsxg£, (o &Rm&sKit£iM±fDiMm 

mmMEmzmstzzmt. < d > bips«£ 
tr^iiRmHfM«»rrex66. (e)**«± 30 

^©^WmilfcWJ&TSeifcJ^T. WPWWK^ 

? h nm*&fSLtzjmt> ( f ) Brands 
K.B&rzjm^ <g) ■mm*^0T. »Ris» 

Sffii£5ID£fc-eSXfI±, (H) SS©*ffltcB^ 

i-ra. ft. *iBffl©$i<Dttis. so 1 , ^ca^ssr 

Bj flEfiJ:, OT, r*l©*WU 

[002 9] *&!I9©£ 1 ©ra£ffi£^tt£S©H 40 
fiJffiKfc^ttt, tfrlfiXg (F) ilg (G) £©H 
^©9fS©SS©ffl«K3BI«W*^JiJtr*TB* 
MSBXg (H) ». SffiiJ©SS©SP^|fJii® 

j^^iMtLfca, ss©wc^3nfcma5Sgp©® 

i©*Sfe$B#HtHf £<£5K. *J8t&©£«i©*iffiip6 
•*» h&£-r£c£#rts. coj;9Sc«wt*. if 

S±. *$H©£2©*«Kft*^reiE©Ke#£ 

[0030] ±ta©g«*aiis-r 5fciE)©*»H©»3 so 



©l^K&3¥$ftil«©SM£S;L (A) S«©i? 

afKnaiaB*jisi3rr*isi. <b> «R©iaci«*i» 
( c ) m 1 ©wMLhcai 2 ©«*■«&$-»- &xg 

i. (D)fflgK^lS3*ifci!i»±©S2©«IMI©3f 

£©**«:. * 1 (Dt&mttm&'i vt¥~-Y mm 
m<Mn&&mnr&x&t, <e> unawtstf 

3T2 ©»WI±{c»Wi«M*»fltr . ( F ) 

?&2©»ISB±©*SM&B£WJg1-£C £ JtJ:-?T, 
HPBlWK^^y-hMfc^lilfrSIgi. (G) 
JMJftfc£lHK:j&iW4lgi. (H) Jfm«*^L/ 

r. a«£3a$asiR£*H9£fc#.5xf!£. ( 1 ) m 
titeffitcmiL s n/cEgEjggq©^ 1 ©is^H^Ktfr 

[0 03 1 ] *^©«3 ©^CCff*33K&S©£ 

j£&ffitc*jt»r«>, iriaxg (G) <tx*i (H) £©h 
■c. »R©ff5e©ass©tiKKiwHi*?i5jar5ig* 
tutexg ( 1 ) tiv *ffiiJ©««©3P**iajSfs 

*5iHK Lfcft. KtR©«lfKmiasS hfcElStteS©* 

i©«M3Wntw-4«i:5K. mstosRomwn 

at. *»W©»4©ll»Kff*a|9ll#««©l!S^ 
[0032] *m<Dm2 (Dfflmb < tiff 4 ©jb»k 

[0033] xmiom 1 ommmb < ixm 2 ©nwcc 

i5^Mg©Ui^KteUttt, I9E23S (C) 
B. «Efc3K*StifciMIJ±©J|l 1 ©i^JS©0fS©M 
«K . IHfchK W5E©*3 -Sm 1 ©tt«tB*^ S 

tcwr&vm s **-r sip 1 ©t6iu«. ^ 

iffl^F»tLt«itS. C©^, ®1©^ 

*fc. imeis ce) {*. mioimmzm 

IS*6JS5Ci!W*f*UI,>. CCt, TAHJ «t TB 
Bj tc#LTlBKHRtt««T«£tt. TABj 4 TB 

bj t%mmsht%. rABj ©**s tbbj Atife 

[0034] *5^BX. *»W©» 1 ©W8KL < tt 
02©SS«tC^5^«^g©Sg*SK*i^rB. ffir 

sxg (o ixg (D) omv. 2>tx< 6ma^<D 

ifeTSS. C©«^, WIEXg (C) ii, SfitC^ 
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s nfcQS±©m 1 otmmm m>&mz. . wmm 
*>m , twais (O txm (d) ©ih-c, kpsp© 

JSBfc:, imtt&KX')m&'Vx> (S i 0 2 ) 
JS4SI2©ftiiiB£^3f 4^&if 4Ci#T'£4 0 
^Lr. c©*£Ktt, liojfiilB. »«WHJi«: 
»0r«F»3HRtt*WT4Ci*J»*K. Sfc. ffIB 
XU (E) B. *X©«M*W*Xh-y/'!-il>r. 

*4i>ax Wsexs CO b, £Ktc$A3 io 
$9, «raaia (o *i« (d) ©rat, hpsa« 

*tr»l©«IIW±«:. {fcWMtfBBSfiffi (CVDS) 
fcAOItffci/yaV (SiO,) *6^4»2©*6^H 

KB, !20Wtt, ^S^HfctfLTfflgiltRtt 
£*f 4 C £ »S L < , *fc. «EIg ( E ) B. 9 
2©WM*W«^ r ^-£ LT. *«tmff««« 
Lr^fcf4Ifi*6JifcSC£#ffSU>. 20 
[003 5] -77, *HK©3»3 ©ttflftfL < B04© 

(d) b, s«(c^sn&flsi5±©»2©ii6aH©flif 

*fc. f^EXfi (F) tt, *2©|INH«ff 

h wwm»««r»i,T¥ffl{tf * 

Xg*6tt5C£#*f*W». HKB, I&2©J£»I 
[0 036] *ftg!©$3 ©flttt£L < »Sf4©*»{C 30 

«a*»«aw©wi*ffi(c*ii»Ttt» * i ©*&nai 
si. ^©MfWiK^o-cxs^vyatRtt^-r^c: 

x^^Lfcit, »1©»IW©75#. St2©ffi« 
[0 03 7] Sfc, *l»Pltc*Hr>rB. 9l©ttlMB 

b xmffim&ftt teams w>. 

[0038] *»W©j&l ©»HK»4©M*fcffS¥ 

«*«ai©Wi*s out, c*i&**B»t;"c, *k 

t, S/ya>5|^MtfflR. *£**±K3/»J=i>*S i 

■f+±fcS/ya>*S i - GeiaSSif^t/l' 

ISI13tffrS«£W^f4C£#rt4 0 ^yn>^if 
**K£ LTB, N®«£Rf*»#i F-^S*lfcNai/ y 
=i>^MKfafi^P9©7K»3V F-^StifcPffify 



i^yavsm IHSftSttfca*. #?xaS1fi*E* 

[003 9] ^SUKfet^TB, ^1 ©*BSB£fitJ£T 
«*m*Wtl'y3> (SiO,) if 4 £:£*#?£ L, 

^©ffi. SOG (Spin On Glass) , PSG (Pho 
sphoSicicate Glass) , BPSG (Boro-PhosphoSicica 
te Glass) , BSG. As SG. Pb SG, SbSG, 
NSG, LTO (Low Temperature Oxide, fflCVD 
-SiO,), SiN, S iON. ttS«*#3. S&, 

t&f-y) . #y-f s F*©««*»?*«4. *4wa 

mwom i ©flua^i/ < bis 2 ©.ttflttcffi4¥*#$g« 
©tetofiSK*^ »2©f§j*ia*jM-4i8£, « 
2©«iw**iaEf stm*. awfci";=» (s i 

0.) *4<,»ttStfbS";3> (S iN) if 4C£#*? 

eftJ&jcRjef st>©T?te<. mi ©*&*&» 
**5WStWtfli;tra**i>tt»&* if * c i* 
r», JWtttfctt. ®l©*feSH^«s£f 
7nUfc*m**tf 4 C t^ttS. *a9!©$3 ©fit« 

-c«, »2©«lt)lt««f 4*m*mvy=i> (S 

iN) if iztumtuM* cti(cpB3e-r*i©r 

»a< v SB, ISl©»4iWi»2©ilfi*StSi©iffltcx 

[0040] «mn**j£f 4tm«. iswtt**^, 

KH^gMT, Ttt"C*4*l*4W*»2©l6«Mli 

t». «K. MIBKa, 3fc8£fci3g9£b3n4&©-C 
^S«tiff«l±ccftti4tm*6«4£: 
HHJa^flt^f 4W#4iLr, WAK, 
BMbi»";3> (SiO,). SOG, PSG, BPSG 
3E£Ptf4tliasr*4 0 -e©fl&, 9 0 0-13 0 0' 

ceg©iB^tt^Wf 4 ^©r&nBWfiW^i 1 ^* 

ffil>5Ctfer*S. fS&. BffflMB. ^B*jS^WLT 

3 >JR*ff3t©*Wt?IW bfcft. C ©Wfcf 'J >» 
±{Cfl6©*6i»0i5:MK:«H 3#4Citcj;o TB^f 4 
Cil>-£i*4. 

[004 1] ««W*4J8%«^f 4^$*i L-r, ^*fi^ 
#F-7S*ifcjWttt©#!JS/';3>. 7*5-^ 
TASi^A^. «, SH^v 
X^i^**«Sf 4Ci*sr*5*a. *T4>, «mtt 
© ^ y y ^ > -e * 4 c i *M i l. i > . *f y p y a > k 
J%m* h* - 7'f 47?Si or, # y !/ y a >*jgj3Ef 
4fc»©tmtpK^«** : 3 J «&S-&0-c*O5ffi^». # 
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[0042] *fflHK*l>T*Wsm»4*JiSt 4tm 
**«£©# ys/y a *&h©#i©S 

t»rtt, gfrlEXg (E) Kfcii-c. *i©fc*MLk#© 

««#fjni^w^um n i ommmh^m^htc 
mmmx y f y 3 >*>6iiS*»«m**ii!«tftr * 

C 1/ < . #2SlS!©ffl3 ©ffi&gL* < tt*4©S 10 

(F) fc4ll>-C\ *2©KJM±©*«ftttll£§Fgl/ 
fcfc. #2©«||»±K3«fft>fcllMltt©jJ«y5/'J=i> 

*»6«5*«*|Btti*ji!fl(ffr5ci3Wfau*. cn 

«3W*ltW(cBiS3*i, *2©»«W±fc»SLfc*« 
tfl*MfcfiHOfc. WiUiJSft©»£*l»Jfc-r*C£!&» 

[0 043] #&W©» 1 ©&«g b < «» 2 ©SgCC 20 

B. *fc. :»»3©*3©m&lXt»4©MIlCff 
8*lW*«ITO«J!DEFSKfel»r. ttttaxg (F) », 

[oo44] ^an©* i ©asugu < itmzoimic 

ffiS*iW^O«aWRffiK*l,»r. fflEIg (H) 
B. *^oH3©meK[*M4©JS«KM 
S^NH*S«©«fi*ffi{c*J^r, WiEXg ( I ) B, 

iiffl©wifJ3S£wnj^^-^^^5weis£, m 
ffl>w&msc%m75Xvx ^>ifSKj:5p ac e 

(Plasma Assisted Chemical Etching) MX£S6TXfI 

«fR©PACEjnxBr*«RWB*r4xg*>^j«4 
[0 045] **BH©*»#««©KJi*tt{c*jiJr 

b, so i mowticm 

£#U «K, »I©«MIKRtf5nfcHIP»rtR:^ 

*»bw*ibk. BneKan©¥«{fc*ffi>. ^©±cc 40 

JtSTO»3©?il^&JMIM*^U 
r»«£333Mfi&©SB«J£fei**ff9©T. 6£*©¥ 
«ft^S©ISiS#ft£Sfe 1 P, TOtl^r©^* 

y y n >K*«f y a ym*m&smifim>. 

[0046] 

[^M©ns6©0^] «r. Hffl«r#Mo-r, mmm 
wmm <jht. ss»©)i5*i«ftr*) icK^#*s 

BSD) T»83|!4WBfLfc£#©K«*iaffirK55-r. so 
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[0047] (nmmmi) mnm®i®mw& 
<mmmmirz>. mmm i k «c »> sets nfc s 

0 I«R©«W»«t-BWflfiia*, H3© <C) fcij* 

r. c©soi»fiB, ~><j=iy¥m&swiftt>mz>%. 

ssi 2 ©Nam i 5ii«3MS i <ommm 

f^wcso in (mm) ioAtit>t>mmzhx 
t>s. s o mi oak, h«s^©sa**ft^ 

[ o o 4 8 ] «r> n*©^ i <D^mmsi(Dm&ff 

« k a^K^ShfciMIJ±©lttlMi©»BE©«*(itcS 
Xg£itr#. MK. HP»l*i**WftllW±K:CVDS; 

ici o atfti" y 3 mzm 2 <mmmimt*x 

[0 04 9] ClS-10 0] 5fer. »ftttK*ns* 

ss^ y a y^mwsmfr 1 0 * nt 5 „ 

S&l 0©ftffl (te*>T*/U tOflMl 1. 

1 1%fcmh. JWWtfcB. 01© (A) tcjjVTJ:S 

S. Mittf. ^S*56 0nm~l 2 0nm©|EH8 (ft 

«> 11*500 umnmr^Ai-ft. ^, m 1 2 

tt. «*. SOU (ffiffiH) £ Lr^O . KSP 1 1 n 

mmn 1 <D&mm nict, r*? »«*«fft) 

[0050] [xe- 110] ;xtc 1 o®w&z$ 
11,12 nfc^ffliic, m 1 ©*fcl£H 1 3 * 
(HI© (B) »M) . ^1©*6#B1 3B. 

a©wj9xgK*»t»-r, we^ h ur^iitfe-r 
5. in 1 ®mm 1 3 1 ire. wi«w»¥fflf b&is 
sr. »2©«s»)i£©««i4{c«n. m©ffi»si 

3*«^TSM^, S«c 1 0 *«|gSE-rS*S (**© 

$8 1 fcfc^TB^ y 3» tc^urweMii?tt*WT 

l©«MtllB, «BSr*tffiK*S#LT. ttBMt&ft* 

ttOjftfrfe. MHHB;. HTOS, CVDffi^ 

»S0. 3 (xmgfiE©Hffc^';3> (S i O 
,) 1 <Dm»m 1 3*3BSW*. 

[0051] [xg- 120] *©«, sft 1 0 tcmm 
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stitcam 1 2±.<um 1 <otmm 1 3 c^toffwc. 
Ammz (Ei© (o #m) . 

tcO® 1 2 ±©31 1 ©ttttff 1 3 ©Br5£©«i«c. SiS 

lotcmrzxvty-himisimMnm 4£* 
v*y>/&itip3mmtz. «pgi5i4©m©fc& 
©j»i©immi 3 ©x» mi<Dmmi3 

^>^$x«:t*?>^#*£jgiRu *i©kmi 

j^afcttrffs. c^ur. M«3ftfcBra©-*S;;ft 

[0 0 5 2] [IB-13 0]*K. *«C<t*»KP* 
MOfiliK, ftftWKtt. «PSil4rt*3tfll© 
IBIM1 3-hic. CVD£«c£-3*B*rt3'!/3>*6« 
«*2®ttWl5«XUtr« (SI© (D) #M) . 

j:o*«E«Ktt. zmmmucto^-at. Bra 14 

l*l££tr8l©ttllW13±fc, Wfe, S£l©*&Mffll 

a±. at^K, na«i4<E)finKVfliiiBfl!R:. us 5 

0nmSS©lt{t^y3> (S i OJ #>e>JdESS&2© 

tttra 1 5 £c v Datcrjwrs. 
[0053] [is- 140] -eofc, fm 
nn»i 4W^#t?^2©»^ai 5 

±4C«S#I4» 1 6 &mm?Z> (02© (A) #M) . 
C©»&. ^5 FS«©SJaffiCi:£Ttf£fc& 

a >JH3N«(/ft:tl. 
«. -f * >&A&K i 0 T-maZ F - 7'T 

B J H,*JSfi^X£l/'Cfflti5CVDffiKJ:»). 
?SS# 1 x 1 0 1 V c m 3 gg©$«1$©* y 5^ V a > 
^6^4««WI4H 1 6 *ff 3 0 . 3 ^mgSKi^SlS 

[0 0 5 4] [IDg- 1 5 0] S32©3eiSBl 
5 £§fg* h^A'-iLt, © 1 ©*fc!f IS 1 3 ©_k#© 

mmmm 1 e zwmtz c t k j: ,1, jwwjkh:, 

H»2 ©KiUf 1 5 J:©aWt#pHB 1 6 £®ffgLTWt 
TSc£ft<fcoT, WPapi4rtK;;t»*y-h*Sl 
7«SST£ <H2© (B) SH) . I»ffl|160 
SFfttt. iMWMl 6ti«3ti5^, S&2©»*S:H 

1 5 mmnm^m 5 c w>. 

(CMP£) Kit), «®W^S16©affi©*^JSJ? 
WtCWST5Ci^r^5„ (ft, W*^y-a:. ** 
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*mjl 1 6 (Ctb-<T»2©*fiitH 1 5 ©WJB*H-*Ka 
&±®£')iCbX> HP»14ftK. SfflWffl&^'v 
[005 5] [Iig-16 0] ;*K. HR8J8il8££ffi 

Kjgfiws. £#mm> 02© (o K^ri^tc, 
st2©*6*tusi sae^? bmmi 7±icm^m 
1 8 mrnmm 1 -cb. 1 9 1 l 
w;3>*j»«mi*«i»*o-c. 'j a 

10 «i#(Cffi«tt{c«nS^b>ya> (S i 0.) 

j£s»raiii 8*. «awfcffixBcvDffi*tMi»Tj* 

§0. 3 f/m*IgT?J&ftr&. 

i o o 5 6 ] smm i s (iWiisa^-f sii2©*s 
*v 1 5 » * b «& 1 7 ±(oBiss sns© 

»>^Dfli£b (-v^X, Haze) *»fiffiEf C 

20 «5t^7-©aa^feft) *>6JS4iF*^» Fftfflt*. ¥ 
^iS4 0 nm©aa-f 40Vi/'J *ft>6fiR*«flg:*7 'J 
-tffll>SCMPSK«fc*), llll 8©affi©$FJ§> 

[0 05 7] [UB-17 0] atl»t? 4 BHJ8I1 8*^ 

© (A> #m> . ftttKKEt. ^s«i Qmmv, 
?m&m 9©-^©H£. $2*f*««i oomnii 

[0 0 5 8] «a^b*tt. garifsa*. s*a 

9£fcWcm^£©i!£B£&£>W.f ^;^©# 
»R*3t»*«lBWiiT*C4*ff*0lf». *©fc»K. 

# y ^ u * (^ * - f * ■< -fo&tm 

TSft) iPh&iVfm^y F*ffll>. ¥^SS4 0nm© 

40 Stc J: 9, 39^««1 9©Sffl©^. ffflt*ft>, 
S^HRl 9©*ffi©ffiffl3%R.= 0. 4 nml/^ 
(Cft±tf*C£3W*L^. 3£MS«1 9©g 

1B*RCAi(fe»-r5Ci*S*faHr>. W*tf. RCASt 
Milt. NH 3 : H a O, : H,0= 1:2: 7©«B£ 

jStt6£, *ffl©OHS^«^L, «^*36HgT-j-S* 

[0059) 1S1 0OJHHM1 8«®£^^»«1 9 
50 £*Ma£trtifc«. K*3t/^XB3iBlt»^faa'C. 
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8 0 0-1 30 0" C. 3 0-1 2 OftffiQtimtm? 



[0 0 6 4] tig- 1 9 0] ^enfcso i 

WRiffll^, SOU (ffiffil) 1 0A±fC*- 



[0060] [IS- 180] *l»T, SfilOdDMfl **JBfiSU SO 111 0 AKV-X/F U-f >«W* 

{c^shfciaw 1 1 <o%mm i ©«ts 1 3 smsu £ffiK«nttftii&&iEi/fc& g«&tt«fti 

«±5K.1«10 ©»ffij&> 6S«c 1 0 m £ C £ K J: i) . (?tM© S 0 I M¥«#S?H*$&i&-f 

■rs. nftiftwi. #1\ s«u o©gffi*6S«i o *c £#?**„ 

swsrrs. wsfltt, 04© (a) k^-t^k. vhh [oo65]^, [ig- 130] E*»t»t. 05© 

(Difjt-ViftSQMbiZ&SQ I JffcS»L&l»»S* (A) it*TJ:5iC. Mnfll 4©Jlffi©&tfJLfcStg 
rtf5. (89. WBIti, Wttf, f-f+^FffiHSJB 10 10©*iBfc. *aMt8fcJ:t)BMfci/y=i> (S i 

(A iSE»*#2 0 0 0gSOi6B%«rao 1 iEfciS O.) *&£**2®KM» 1 5 «&dtT4 C£ 

jiHK (W*.tf3 0 0 0 r pm) 3*a#6tT5 C £# *. MttfkStc -JiMrScItl*©'*, 

h«^y-h|S$j££f#£C£#5r-t£ 0 C©l^tC 

[006 1 ] XK, Sficl 0©gffi*P?>. SSI 0<om tt. #1©K£J11 3!i. 9<tmi 1 6(C^L-CWS 

BWA PACEiBDI*fT5. WWtt. WBUait*** *Rtt*#rsc£#SS U>. -e-t/E\ [Ig- 1 5 

<, VHNlfleflUtfcAir**. y-f+ J fc>FiEBKJ:4« 0] KfcHTtt. ffl©ttiKffl 3*TO^h9^-i 

*^©y^-i?*j** < . wiffi©fi3^fi^ (04© or. n i ©sens i 3<D±x<Diwmmm 1 e *cm 

(a) *j») . -etiiR. ^ffc£»£?FW3©fca<* PSKrwarrsciKioT. jwmsks^ an©* 

ffi-jT, 04© (A) tcST^tC ffiflS&Of M»l 3±©**W4®1 BfcWtt SCiKi^t, 
tc. pgfltl 1©JS» (BS-CtSLhlif) ©±3Er{C»S7Mm C 0 0 6 6 ] **1>MX *2©IWIfl 5©7ftifcHf 

at©** 1 o *©», stsi o«c*rt**ww *u H5© <b> ksvtjj^k. [is- i 20] k 

J*3 3tfmSBEOMefeFB«ff9 fet»T. SKI OKJ&0tSftfciMI!l 2±©01©*» 

(04© (b) m) . mehwi*. wto:, mi©* m 3©w5©d«*r:. ski 0±KJWe©W3 WH- 
IM l 3*nWtS";a>*6««3ti , CH4Ji*. S01©*ft«W 1 3#MShftJ:9lc9l ©«J»»1 3 

y^yj&tfflnt. cMPjSfcatr?#-je©ffi**iD J§©wn»i4*#«t/cfej:i>. £©*$£, s&io 

*.&#6fr3 C iJ^trt*. ±CC^5tifc^S©/f 3£Wf Slffl ©iffeS® l 3#. 

[0062] JSK, 03© (B) £^04© (C) £C* A„ d;^- FAffiM^- h«ftj&£ L"C8St&TS. * L 
«9K. *l©«IWlS±©SKl0©jV3*4- 30 T, M-160] Kfcl»Ttt. *1©«W13* 
KI-SfcAK. JSBf^Xvx7*>i/ffiKJ:4PAC ?/-c-it,T. IV 1 ©**fJl 1 3 ©±#©aSS 

Eini*fr5. C^LT. 9Wft©ftl©iKifiMl 3± mm I 6*CMPffiKTif*1-*CiKJ:- 3 r 4 

©S« 1 0 ©J?3 £ . 200±50n m©ffia&TJ&-& Bttc B. JH 1 ©$M£IS 1 3 ±©$S*ffiB 1 6 ^WIST 

[0 06 3]*is-e, 03© (C) {Cm-TJ:^{C, 01 [0 0 6 7 ] **©»» 1 KTff 6n^^«^S(i. 

©*B^ji 1 3±K«3tifca«i o*Hfcjss?w^ur hsffi^wu. m<mmm-\&fc&titcso 

immamh, mmom mm. 5o±5nmi ijs asm) immn. *fc. «nfc*-?*iw$tt 

«) ©sons (mm) ioa^*t-5soiss% *#-r*. ft^t. **©^«i-c»^nfcsoiffl* 

©iF»rt» Fix^l/>S?T5>**ffi(f»teCMPft(C 40 tJCtmS. 

j;9?f ; 5C<i;*S'C|fS 0 x?u->yr5>W. W3> [0 06 8] (*Sfe©^SS 2 ) ^K©®)K 2 (i. *^hj 

L/. »i v>mm i 3 jwff^ h t/-c©«ai* mommz a, infe©^ 1 ©¥attf&n©SBi£&© 

*fc-r©T?. s«i oosiBKjgjiSstifciaam i©fi ^r*9. »faixv-h hstc-r»6tifcso 

§U (0rsi±ffi) om i ©ffiMJS 1 3 #*t& Lfce^r i s«ic*»*gg4K^-r^o ftftBtcti. ^»©JfJ 

C-5 LT. EfldWl 1 , 1 2©J££# Si© [Ig- 1 6 0] £ [Ig- 17 0] £©B|r, 

©*s*wrss£Lfcm»so i a (sea) i o a ski o©BFfg©^3©&aici(jiui2 o^b^tsi 

*»4c£*ir*5. a. mmtttbTte, ^';=i>£ g=&#^. mm<oBmi<D [is- 1 so] K*i»r, 

» i ©*fesyi £©wiib- h*«+»**3a:4©r*ti s« i o ©psib 2 o sffifj©a« i o©a»* 

tf, x^u>j?T5>KHBgSft6e:£a<. «*©W so WILfeft. »«l 0©*BK^Stifciaatl l©fi 
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mom 1 onmm 1 3 * «t 5 k. imift©£« 
1 o©ai* ^affii o*¥fiKif«r*. s«i 0© 

9r£©%3 ©ttSKSIftl 2 0 ftJBjasr 
1 0©JlT£©»3McJM*>4^*>^T4Xg*» 
a«B12 0*3BlS1-SCiKJ:-9-C. SOUS 
(ffiffiS) ©JBfitoWSSifr!). Ut&»*». J"J3>*» 

1 0 0 e 9 ] &r. mmmmzmm^m&omii 
JME«©iKi«ftHBifiiia"c**ia62ac«a7 
*#jsur»ij!-r5. 10 

[0 0 7 0] DDB-2 0 0] 5W, mm<DB&i<D 
[Xg- 10 0]- [IS- 160] i|5|«OIft** 

flrratitct^-c 02© (C) fcwbfcfltig*®* 

[0 07 1 ] [Ig-2 1 0] *l»T, 06© (A) K 
*Vf<fcMc. JBIM|18©±**6*3R^*>*»R1 

oic^^^ffiA-rsciicioT, mm om^com. 

3©ti«KIMW2 0*3l$Ji&r4. 1MM2 0tt. WJg 

*h^-£i,r7&i&3ftfcjfn©*&«wi 3©t*i 

MmJWrtK^rT£c:£#*?*U>. HJg©r$£2{cfc 20 
(r»TSt, H!£)B2 04 > 9l©*6*fJIl 3©T#0. 2 
U mlWIKJISttf *. » 1 ©Ife&JS 1 3 ©T^0 . 2 a 

^ sua 2 o £9 fc±# («r i mmmm) ®mw> 
w&<mftz&m&% i o cent?. 

[0072] [Xg-220] *l»-C. 06© (B) K 
iSTJ:5K, £ft&&194WlU £#g«19©- 
£©S£. JMfKl 8©aH£*Sfe£fe-tt*. 
SI 9£LT. **<0?iai2t?lt, mtfifi^ya^frfe 30 

?rfeft4#t. S^fctf©iJK«g^&ii*-MNcilfe 
^TSCitCcfcoT, »9^1*BfKaiS*£©JRH£ 
ttS'<— f-t *Jt^fi»W&t»J:5R:t/t*J< t£# 
Jff*U>. *fc. 5R9£biiifiK:OH»J?KEt,'CSfe 
£fc WKft^HJKff fon* J: 5 ft^IittlBK 

fc< ztmt w». ffi3t«4fifc£fc-efc&. 400 

■ C-C3 0-1 2 0#IS©JJl$MJi4Srf. 6 
0 0' CTiWai4tft», 07© (A) {CwTJcSJC. 

s«io4«tjstH2 0^e.asi oBiSSiocitc 40 

8 0 0-1 1 00' Cr, 3 0#-l 2 0#©&*SS4 

gtctf5citcj:^r, sci oBt^mmm 9©® 
[0073] isv?>¥mmmitmj 

>&AT4£, **©HSRW*ffiOfca. ^ya>*T 
v^a* + efv#£jjSU -g©£?LK«»£ft4 

Ci*%l6*irt>S (ff£t£ A, van Veen, et. al . , 
MIS Symposium Proceeding, Vol .107 pp449, 1988 



2001-28354 
20 

(M. Bruel, Electron. Lett., Vol.31 No. 14, ppl201 

ci995) mm.) . ^ss©0Si2Si. c©aH*4«fljL-c 
ft. S*i o©i«g|Sl5-c&4S«i oca, m 

[0 074] [Xg-230] *t>SOIJg 
9FJ&& «*.«. ifI/>y7S^*»>teCMPffiK 

s-^!t5c£#-c*4. eona. wfgmmmm 

*.4C£KJ:'>. SMSfcStHSft. Jll©KtMl 

3 ©i£ffi#Ktf}T4i$ STWlteflUtS #4 C £ 

4 (07© (B) #M) . 

[0 07 5] [Xg-24 0] *©a> f#enfcso I 
3H64JBHT:. SOIH(SttlB) 10A±fC$-*-r* 
*40l£U SOI*10AfcV-*a/Fl/-f>W*fc 

J5S5T4 C £ K J: D , mWD S O I 
4C£*S-C#S„ 

[007 8]««©»II2K*»1»TB. [X«- 1 3 

o] fcn*©:nstc*a>T. nn«i 4©jSffiicstfiL 
fcss i o mmit . «imbS{c j: o wb^ = x s 

iOj «>6AK4»2©ilUMIl 5 4^^T4C£*>-C 
C©i»^(C«, »l©ft#«l 31*^ IStmi 

l6tC^LTW^S*?1t«r ; ff-rSC£^lSLl^ -ft/ 
T. [XS- 15 0] £p|«©Xgfcte^-CB. 91 © 
«Wil3*9FB^r^-£OT« 91©*§^B13 

©±^©*mw#a 1 64CMPffitcrw®^sc£tc 
J;^r, ^ftffJtcB. mi©KtMl 3±©»«W^Ji 
1 6 m&-rz> C£tCj;oT\ *«MMS 1 6 £ Wt 

[0 077] *5«,>«X, 92 ©S&SJS 1 5 <JMm-% 
[JM- 12 0] £Elfil©XSfCfc!,i-C l SS 1 

o k^iss i 2 ±©9 i ©less 1 3 ©bts© 

fflWIJc. 36«10±«:3f5i©W3&wr5»l©«S»M 
13*%SnS«fc5K»l©«IIWl 3*xjf>fT 
SC£KJ:^r. ^?i'y"h«i^lSffl©HP»14 
*»*LrfcJ:t>. £1©^ 5«1 0±tc^^nfcBFf 

£©jie3 *m?zm 1 ©m»s 1 3 ^. ^ ? * k* 
sm^- t-mmmt vcm&rz. * l-c. [xs- 1 

50] £|5]«©Xgic*sl>r5i > 91©»H134W 
JiX h ? ^--£ Lt. 9 1 ©tfiiWI 1 3 ©±^©*W 
$M1 6 4CMPS^TW®-r5C£tcJ;or, ^ftK 

{ck, s 1 ©tests 1 3±©««w^m 1 6 mmz 

C£(cJ;.or > *SM^H1 6 4¥±Bfb-T4„ 
[007 8] mm<D¥M2 Tte, 92 ©»MB 1 5 
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*su mmmi s&j&som 

At Z> C £ K <fc 9 . S®1 0 ©WgqtCiHJItB 2 0 
T&. f^T, 3fc»©Jg«2fcJ:*itf, SRD^fc-SXg 
©ft©fflEl 0 B©*fflUX«4rt«cm MUtTS 
Ci«irtS. Sfc. PJf§l;*ftfcSS©££S31 oc* 4 

[0079] (mt®m3) mmo&m *s&© 

1 ©»C*£. |git©Jgfl 1 © [XS- 15 0] 

tea* utik 2 ©tewi 1 5 ±gmnmm 1 e * we-r 10 

JBfSTS i Sr. H8 ic^ifrft3$#¥ffi0*^-f <fc 5 
K> WttttMl 6©iF^l 6A*s«**£tf**. 
COi^i«#fBl 6©0f|g£il 6A#}¥£f £ 

ii /t,jr^-h«ii7niiteffii»*iifit-r4. w»t 
hir i e ©rnggt 1 6 a*3#s l ft t> «t 6 icmmmm 

jW»£U iSlfcl^lWll B©J*S. BU*i. 

ty-hnmi i omzovmwmmtu*) ^ ^©g 
^ s d» h«« 1 7 ©jKt««:saft*J4r*«*» 20 

[0 080] Xtt©$«3 Ktett 4*»»»«0ilBfi* 

ffiK*t»Ttt, mmoBte i © [xa-i 50] &n« 
©xgtc*ji,»T. W2 (omm 1 5±#©*w»tti 1 

©# y j, y a;/*6a**«tmj| 1 6 AtDMHtr 
& D cnOot, ft»m»l 6©W6«1 6 A#H 
SIKjfcJiMlfcW-ii. 6TF, 3ft©$* 3 ©¥*#»■ 

[0081] [xg-3oo] ar. mroxwi© 
[xs- 100]- [xs- 150] tmmvxmzm 
«f 4. jiss, n«©?f$sii © [xs- 100], [xs 

-110], [Xg-12 0], [Xg-130], 
[XS- 1 4 0 ] [XS- 15 0] iH1i©XSCC 

±0, *n?n, mso (a) . <b> . (om 

(D) , MWc. SI 0© (A) TkU (B) fc^Tfllji 
£f#£ C £ 5. [XS- 1 5 0 ] i PS«©Xg© 
Kim, JJteKJ^TB, 01 0© (B) KaV*\fc5 40 

k. i e ©-gB i b Am 2 (ommm 1 5 ± 

fc.»*C£#**. ft, [XS- 15 0] ill«©XS 

tcfc^Tti, mmnmi 6&%=?mmmmr&cb 

ifi (ffljfj, 9fnj-f ^ »s/>i««3l*3*4i:4 
#) . a»1-5a*(cJ:t) 4 S*U>. Sfc, [xg- 

100] tmm®JMi%7LitiL m 1 ©wte 1 3 

*ratf SCiSi, ifigX F ^-j^ftLftl,*© 
-C, Wbfifc©*l(D«Mll3©»Stc^5?*#* 
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[0 08 2] [XS-3 1 0] JWC 4 9l©tt**l 3 
©±# #2©ttM»l 5±) m&Ltc 

afmi$©# y 3 >*»5ft**«tmn 1 e a£&$ 

{tr*C£fc«fcoT. «ffcVJ3>IlieBi-S-«. H 

□as 1 4te%M&ttmminm 1 e©siii*>«ffc3*i-r 

Wfci"Ja>JKl6Cift*39J. giPSEl 4F*J^asbfc 

$*#$Ml 6©JMfiO. 3Mmgg-eS6©-e, £ 
<MH»4CftU C9LT»6*ifctt«*. 010© 
(C) {C^f„ ft. 010© (C) K*Jl»-Cti, 

©««#&* 1 6A*©IMfcK«fc5*3£fc©tt»©ia 

5$£«KWftt>©"C*S. 

[0 08 3] *3 ri j ©«ftJ/»;3>*%3|gJiS-S-5fc 

a&tctt. JiS ro. 45 j ©#yfyn>M«ifiW£S 
ti5. OflSl 2iElg|Jl li©[g©|g^*6 0 

nm, f2Oii»I5©JI&*6 0nm, Wg^©ai 
SM^Bl 6A©il^3&S2 7nmift-5»J:^{C, 

^•;3>H©»3B6 0nmift&. ^2©ffii^)il5 

©affii esnas 1 4 ^©^s^*4ji 1 6 ©urai ©a^ 

^12nmi^«i:^K, HI 0©(B) K^L-fctfc^ 
tCfctfSHPBUl 4rt©*SW*4Hl 8*5*^ »^>^ 
tmtttolZ W%. [XS- 15 0] iR|«©XSK 

fei,»r*«miii6*s : fiif!lKW»rti«. «2© 

tfilUl 5©IIffli^b>';3>Ml 6C©KiBB. S 

J335I-¥iBrt K * 5 ft 4 . 
[0 08 4] [XS-3 2 0] m&<DMMl<D 
[XS-160] - [XS-1 9 0] mZZtitZi 

S e 

[008 5] Xtt©fl£»3 {C*H»r*>. [XS- 1 3 

o] tm®<Dxmc*s\,>-c> snasi 4©«csuiL 

fc«El 0©*ifiK. «WfbSKJ:i3BMfci";3> (S 
i O,) ^^^2©»^B1 5 40*iW4Ci«>-r 

c©j#^tc«, ari©ttiKjii3[£. mmmm 
1 Btc»LTw«)W?tt*wr*ci)5Jaau>. *u 

[XS- 15 0] i|S|«©IgK*»t»-CB. *1 © 
«Mll3*WJS^h»/'«-iLr. m©#S$US13 

©±^©ais^^ji 1 6 % c m paccrw^s tt& 

J:^r, AftWicB, ^l©|g^Jil 3±©afltmi 
1 BfciMH-SCitCfcoT. *mM^H16*™b 

[0086] *5uctx. ^2©*&i«i $<mm% 

»L. [XS- 12 0] iPHlOlScteU-C. SSI 

0 K?a*s n&iaas 1 2 ±©^ 1 ©^sji 1 3 ©wjg© 

«WK. SSI 0±KfrS©JIS*HT4»l©«IWI 

1 3*^3hSJ:5{caSl©*l«Bl 3ti9*W 

5citcj:-,r, Ay^y-F««gjism©Bipaiii4 

4««Lr*J:C». C©«^. SSI 0±ic^$n/cgr 
^©i?S**T501©iteiBUBl 3*s, 

mm?- vmmt bxwm *lt, [xs- 1 
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5 o ] £ asKDisKfe^-cti. m i ommm i 3 %w 
mz v v ><e-4 or, n i ©mm i 3 o±.-n<omnu 

kb. m i ©&»§ 1 3_to-j>mmmus 1 6 iWB-ra 
citcior, *«tmjti eftipeffr*. 

[0 08 7] «OJi5l*3K*rt>T, 
IS©f*it. *»O0«2£|BiaKUr 4 *sim*>* 
SS©ftSI5K^>&AL,T, SSI 0rtfCfyjf8fS2O 
SMUT fed: JWWjtcfct, £*fttc3gtt©Ji£lK2 

tra^sffi&KiTtitij:^©-?. manma^m 10 
f*. 

[0088] (n»©^4 ) nrnmm b. 

jfc©JB»3fc*l(,vt:ii, $i ©**)■£&£ u 
*©±K*2©*M»*«aa8l/fc«. ftl©tt 

[ 0 0 8 9 ] JWTs 3W©JB»4©¥»fl*B©!SBfi# 

z££. ^Mtfflsw©«s«ft-awiBiar*4iai i 20 
rwsi 2£#jsLa#&3ft?rrs. 

[0 090] [IS- 4 0 0] Sfef, SSl 0©3» 
EiaVl 1. 12*«MW«. JWWKtt. HSfc©^® 

l£W»fc, «R104!ML. SSI 0©»» 
All 1 . 1 2*J»HM'a. JM*AK», SSl 0©*ffl 
K. WLtt. M^*ffifc £*«:,*:!), WM, &2#l 
2nm-6 0nm©IHSI5 (jftffi) 1 1 5: 5 0 0 u mlBM 

[0 09 1 ] [Xffi-4 1 0] yuK, SSI OOHiMP 
11.12 A«S n/c*ffl±tc. g 1 ©ffiiUI 1 3 * 30 
SAT*. !(»©»■ 4 m SiH 4 -0,tJIW#^ 
4LTffll»fcCVDffiKJ:»). i¥30. 1 ymSK©8? 

<t~> y a>< s i o, ) i <D®mm i 3 

[0 09 2] [Ig-42 0] *©«, »1©«W1 
3±K*2©lft»il 5*3&sSf*. ftftKKtt. m 
BS iH«-NH,*J^#:*4l/TJIl»fcCVDffiKJ: 
"JS^ya^ (S iN) 3J»6JS*W*0. 3fimSK 

mzowm 1 5*j&s6f s. ^2©#fi^m 5©n 

SB, ><?*y-h*^*i**«Sr*Sft:tf©«S 40 
iTSsfiaS****. C *> LT, Ml 1 © (A) Kwt* 
®£f#£c4#"C*£ 0 

[009 3] [Ig- 43 0] Xl^-e, »S 1 0 
Sftfciim 2±©*2©**MU 5©§f^©»c. 

$ i ©HUM 1 3 tears-* » ? f- Ynm&mam 

□*14*3BBJEfS (HI 1© (B) . jyWjfc 
B, Wnbt^\s*JX MK£VK:#Al/. *v*V- 
FW*»«1-*«BI©**»*L. *©St C©W? 
Xf-A5r~>&vX*4t,-tffit>T, KJ/'jaXS 
iN) *>t»JfaES*2©»IMIl 5*i7^>yrSC£ 50 
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(Ccfc-^r, HP«14*JBJifcr*. HP»14©JSfiS© 
fcit>©» 2 ©ffiiW lBOij^B, Sft'> U 3 > 
(S iN) 3£p£>fi££3!2©*e^«l 5©x**>#jMfc 
fctb^T. MffcS/U3>*6JiS*»l©IMIWl 3©x 

*#**aHRU »2©«iBWl 5 3»x»f->i/Sti, 
fio, »1©«|M|1 3±rff±r*«t5ja:x?r?->^ 
*fft?ff5. C^LT, *|»3ftfc*?£i*S©HPW 

i4*j&&r*c4#-c?S5. 

[0 0 9 4] [Xg-44 0] *©ft, H*©««1© 
[IS- 140] £HI«fcL-C\ HP»14|*i*£fc* 

2 ©mum 1 5±ccai«m» 1 6 mmz <h i 1 

© (C) #M) . 

[0095] [Ig-45 0] «2©*6iSffll5 
±©»WW*H« 1 6*CMPffifc-C«WtSi:£KJ;r> 
T, «P»14rtK-'<»i'y-h««17*)pJi£r5. 
$«ttf4lg 1 6©ff*tf. ifltffil 1 B KVFggft* 
»2©iBIMI15»W*Stia^*ftT?ff5C435J 

ff*u». iflte9y<-£t/rit. aMtfttMietctt 

*<tl(tfV3> (S iN) fe6ft&Jll2©ttMl 5 
©WIW*-HWc»»feOT*h«. «*©Wg#£ffiM 
rac £#?*£, w±©ct^fcor, si 2© (a) 

KSVT J: 5 Ks *ffia«Pfi&>< ? * h «* 1 7 *» 

[0 096] [Xfl- 460] *©«. £%©fl££ 1 © 
[ia-1 60] 4«CL,r. JBrelMl S^tlDtCK 

fisofca, mm<mmiv> [ie-170] tmmb 

T, BlfflJil 8 SSI 0 43^SS1 9i£ 

§S"3^fc#4 (01 2© (B) #M) . *K. ^tk©^ 
ftl© [IS- 18 0] 4|^«tCLr. 3«1 o©affi 

tcj&jsshfcEiK 1 1 ©esc©^ i <D®mm 1 3 ^sta 
t^jc^cc ssi o©&ffl*P?>ssi ozmmis 
*t> (si 2© (o m) . 

[0 09 7] [IS- 4 7 0] ■€•©?&, WbtlfcSO I 
IMffi^r, so in (ffiffiB) l 0A±fcy-h« 

m&m&b. soi«ioAKy-x/pu-f>««* 
at? s c 4 fc «£ d , wm© s o 1 m^m&m&zm? 

5C4*it?t5„ 

[0098] mmmmA v&zti&ymmmtsi* m 
mmmitmmic, /<»^y-m*i7ftwu n 

**H£K«hfcSO IB (iSttIB) 1 OAKJ^JSS 

©jK»4T»^ti4^NMtifflit. xnMt ffimam 

[0 0 9 9 ] ft, HJ6©0»4«:*Jt»T, 555^b-ttl 
»©*«:. *»©3g»2 4RttKOr i *^Y^>*S 
«©fi®K Y * >ftA bX , SS 1 0 WKIHJiiS 2 0* 

Hflto#ffi*8&WffttfJ:t»©-t?. flMBttttUBWr 
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a. 

t o 1 o o ] *fc. mmmmAic^xh, mmm 
mzmm, ra-450] (c5i*«#. m2<D® 
mm 1 5 ±ij(ommum 1 6 *w*ofc«, » 2 ©m 
ill 5 ±K^LMflW£©#y^y=» 

I 6©WSg|l 6A£flHWitI&0l&< Ci#r#S 0 

[ 0 1 0 1 ] JBLb. IW3©*ifc©J&*tcS-3 

[o 1 0 z 3 *fc. Mim. m&mmtc-amwb 

fc. *§SUi±©$«*mJi 1 6 ACDJKfflMfc 

tCfcSSSRttftl***. ;^*y-t-*ffi£#;*ftl,>S 
O I S^BgjftDiat&ffiKMffl-riC 
##$rtt, £^©g&ftftHNKiiH-C**Bl 3 

sot 1 4 *#jhlt. c©j: 5 r^m^mm.om.n 

&*. JEJT, IMirr*. 

[0 10 3] *r, *HO3Hll©[IS-10 0] . 20 
[IS- 1 1 0 ] [X«- 14 0] i|g|«©XS* 

law*, a, mmomio cxg-i 00] , tx 

e- 1 1 0 ] [XS- 14 0] iHttOXSKJ: 
9. H13©(A), (B>&tf(C)K:^ 

titft:**. ft, [IH-140]iB 

vi 1 e*jRdw*. #yj/ya>iii 1 BBWfUi 

IiLt»5„ #y->yn>Bi 1 B tiSSSttfcW 

t/tnft< it [xa- 100] twmx 

S*5E7 Lfcft. &»!S 1 1 3 £TOt-r 5 C £ E*. if 30 
jg* h^~#??£Uftt>©-C, ¥ffifb&©*SSIi 1 1 
3©J*3tc/^9*a*£C, ttfcJIl 1 3©I»»EE* 

[0104] *©a, msmm 1 © [xe- 1 5 o ] 

iEWOXgigSTrfS. JfiKJIl 1 3£Wg* 

Fja-au, *e^si 1 3 ©_£*©# yvynxi 

I I B*w*ts. * y^y^m 16*, DQASPi 

1, 1 2©^©¥*MI*©ffSi&*J:5K:. SHtc 

wjgr* c i^s, *»KK»e.nss o 1 40 
IBM 1 1 3 tm^ y 3>«t 1 1 e B©Kis*»*.a 

il,i-3fc«jgj&>6B*U». C5t/t. tfiUMIl 13S 
CW'Ji/ya^Ml 1 8jWWa¥*ffcS*i4 (HI 4© 
(A ) . >Jf; £/ 3>JB 1 16 Atfttttlf 1 1 3 

©DflftrtfcJKSL-cus. 3tc»-e, #yt";a>»i 1 

6*«fflMtr*C£KJ:-5T, »tf ya>m I6B 

i-rs 014© (b) #m> . *©«. we, ™t 

JEHSfrSCiKJ^-C. 1 3iSMfc"> 

16B©]Iiii*»*.4. ft, «^(cJ:oT 
it. *'J->'J3>I1 l 6®MBMbHmt/cfcJ:i> 50 



t o i o 5 ] m. m&mm 1 © cxa- 1 e o ] - 
[is- loo] fcgsctjcj^r, MM©soia 

[0 10 6] 

[*«©»*] =Slfiia©5NWt««©H)iSffiK*iUT 

a. 8e3tE©s»iBa&»). Wb©fc*©!}<'j^'j3 

>K©J&fiS#CFBi&0. fit*. BdinejS©/*^*'; 

^>;a>ii*BJi&r4£**j*r>&fe©3&j 4 o. l- 

0. 5 *m^©WS©HWII£a&fcTftHEJ;(,». ffi-, 

r, ^<m*mtm,wmwiem<D so mm 

[0 1 0 7 ] Sfc. ffi*©R«K«tftti. *S©I?!&!I 
fM/**Mlr», St>KW*|1II*St,TI,>fcfc8!>. CVD 

K3^fc#y^y=oj&siiS0, <:©£gttft*i** 
©3yfe*»£ft<&4. fi^r. ?^^=&&£-ts& 

4Mtfl**EpE i & 0 . K£Q:S©1MKt£H£ C i ** 

[ o i o 8 ] £ fc, ft i <Dmmmzmi<Dam±.m>m 
scnmu wfc-rsi*, ni©«§9i©wi&u 

- h#»l£©¥FgU- f{ctb0T+»*»ttW«W*M 

t»sciKj:»), sfiooflstm;* h»/t-trsc 

i#T-*£. c^ci-s-c, PFB*itl?tc3£«t©CiaJ-C 
HTS-ttSCiasT*. §F*#rj|tTL/rfffcOT*C4 

[0109] HK«. TOfc^tlfcS 1 ©*fe«W^2 
©«(fa^vt » ^y- h«S©±KJilHil*^JSr* 
©-C, ^JfSS©3S0^biff)icHfBI||^S©WtW 
ft^JKHiJ i 0 Z i ft 0 , Wm<D? i 7 7 +^H*sft < 

ft9, B06*)*s«8eL. a«ao^*>-&*B©fij± 

[o 1 1 o] jna.tr. ¥fflfbsnte»i©««w«ii2 
©««gS^/>- ? i^y*" h«fi±K*&~ft«W©JlB* 
*^fiW*©t?, +^ft»«ifff*»4Ci*it?*5. 
SEfc, 3R0^b*iBt7*4MIIIM*il<fci/«;3>3&>6i» 

r (sn^ , i/ >; n >^#»stg^ 6fi£$3tf#s« i * y 
^ya^^i^SSD^bti^ii^ic^r} , mfb^y 

3>36»6«*JlMKi^y3>i©IB-CS£L,ft:IS^*s 
Jfci)iSft4©-C. S«5Sf)^bit^©[Si±4H-SCi 
^tr*s= 

tO 1 1 1 ] *fc. PACEJnX^SfeTCiKiO, u 

©JS3*-«»<-fsti*s-caL «*r»<, ao, 
*-acw 3©s 0 1 g*f#6c i^-ct^o 

[0 112] KiC, *affl©»2^<tt»4©M«K 
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^sss©;*si»*f« 4 &£-f5 ££#•?#£©-??, 

WB^tfifcMtcJIBiSJv Wig, ¥Sffcj&*S«£& 

SEfc, »§tifcS«©^gEta, -£©itffi£fflK¥ 
ig{tT£ c i K J: 0 WBra«ng*r* 0 > **fc=ix h 

[oi 1 3] ne-3-c. T&mom&m^x&kti 

10 

[o 1 1 4] *fc, mwimatm&t&ffitewmt 

©# y a > i t a * l ©ft8ag±#©«I31tf 

ifci, # i ommfs^m i oimm^m 
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